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 Chapters have been formatted in the style of the Journal of Mammalogy.  This is 
the journal to which each chapter will be submitted for publication.  Appendices have 
been provided to allow interested researchers to review supporting data.  Citations in the 





















 Interspecific association between two distantly related species, Virginia opossum 
(Didelphis virginiana) and raccoon (Procyon lotor), in western Tennessee was examined 
utilizing live-trap data collected over 6 years of work at Ames Plantation and Edward J.  
Meeman Biological Station.  Results showed an overall neutral relationship between the 
two species with some common habitat features associated with the presence of both 
species which allows for possible prediction of their co-occurrence utilizing MaxEnt.  
Models produced from this study were successful in predicting areas of occurrence and 
co-occurrence.  Contributing habitat factors to species presence were similar to those 
noted in previous investigations.  Future work could include other possible competitors or 
predators of the two species, seasonal analyses, larger geographic areas, and more evenly 
dispersed data.  It also would be interesting to utilize species that exhibit either 
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Interspecific association plays a key role in the occurrence and abundance of animal populations, 
and it has been a topic of recent ecological research.  Yet, the association of many species is 
poorly understood.  This is especially the case with distantly related species, which have not 
been examined in detail.  Virginia opossums and raccoons are an interesting model for studying 
the interactions of distantly related species because of their broad niche overlap.  This study 
utilized live-trap data collected over 6 years of work at Ames Plantation and Edward J.  Meeman 
Biological Station in western Tennessee to assess the relationship of capture rates of these two 
species.  Results found that areas with greatest capture success were forested areas associated 
with deciduous trees for opossums and coniferous or mixed forests for raccoons.  Capture 
success also was related to less developed areas.  Water did not need to be within the area of 
capture but located close enough for easy access.  Overall, interactions between the two species 
suggested a neutral relationship, the presence of one species does not seem to affect the presence 
of the other.  Future work could include tracking the presence of other taxa to determine if 
wildlife in the area impact the associations of these two species as well as data analyzed per 
season and across more differentiating landscapes. 




Investigations that are related to the study of co-occurrence of species have been a topic of recent 
interest in ecology.  Poindexter et al. (2011) pointed out that species co-occurrence was a key 
area of ecological research and that identification of coexisting taxa is a necessary first step in 
determining mechanisms enabling habitat sharing.  Previous studies have suggested that 
Didelphis virginiana (Virginia opossum) and Procyon lotor (raccoon) make an interesting model 
for interspecific-ecological investigations because of their broad niche overlap.  For example, 
similarities are seen in their geographic ranges, activity patterns, food preferences, and habitat 
utilization (Kissell and Kennedy 1992; Gardner and Sunquist 2003; Gehrt 2003).  Also, the 
distributions for the Virginia opossum and raccoon are somewhat similar (McManus 1974; Lotze 
and Anderson 1979).   
Virginia opossums are nocturnal mammals that are a generalist species that feeds on 
birds, insects, frogs, snakes, small mammals, slugs, earthworms, mast, and fruit (McManus 1974; 
Gardner 1982).  Raccoons also are nocturnal mammals and are a generalist species that feeds on 
insects, worms, fruits and mast, birds, mammals, fish, amphibians, and bird eggs (Lotze and 
Anderson 1979).  This shows that there is much overlap in food and habitat, and, even though 
these two species are not closely related taxonomically, they have numerous opportunities for 
interspecific interactions.  Virginia opossums belong to the order Didelphimorphia; whereas, 
raccoons belong to the order Carnivora.  Interactions between such distantly related species are 
poorly understood.    
Virginia opossums and raccoons have been the subject of numerous biological studies 
involving the capture of each species (McManus 1974; Lotze and Anderson 1979; Gardner and 
Sunquist 2003; Gehrt 2003).  Yet, few efforts have been made to investigate the species 
collectively at the same location.  Previous studies have suggested the species demonstrate 
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interspecific competition in sympatry (Ladine 1997; Ginger et al. 2003), while others suggest a 
neutral relationship (Kissell and Kennedy 1992; Carver 2009).  The work of Kissell and 
Kennedy (1992) and Carver (2009) make a compelling case for this neutral relationship, where 
the presence of one species appears to be independent of the other.  Many natural history traits 
remain poorly understood for Virginia opossums and raccoons.  Differential trap success has 
been the topic of several ecological investigations in which many of the previous studies have 
focused on small mammals (e.g., Sealander and James 1958; Wiener and Smith 1972; Williams 
and Braun 1983; and others), and such investigations have assessed several aspects of capturing 
mammals (e.g., type of trap - Slade et al. 1993, Belant and Windels 2007; placement of traps - 
Risch and Brady 1996; influence of weather on capture - Gentry et al. 1966).  Additionally, 
selected medium-sized mammals have been the subject of studies relating to capture and habitat 
associations (Gardner 1982; Gehrt 2003).  However, at present, the issue of differential trap 
success among locations and the associations of capture success with habitat types and landscape 
features have not been investigated in detail.  Such studies could provide novel insight into 
understanding the distributions and habitat utilizations of species.  Assessing the degree of 
temporal and spatial association of interspecific interactions is a valuable procedure for 
investigating relationships between species and community structure (Cox 2002).  Because of the 
need for additional insight relating to the interactions between mammalian mesopredators and 
their ecological relationships, I examined the interspecific associations of Virginia opossums and 
raccoons.  The purpose of this study was to determine the capture-success rate of these two 
species and to determine trapping locations with greatest capture success for both species and 




MATERIALS AND METHODS 
This study encompassed two locations in western Tennessee (Fig. 1):  Ames Plantation (Ames) 
and Edward J. Meeman Biological Station (Meeman).  Ames consisted of 7,462 ha with upland 
and bottomland forested areas intermixed primarily with agricultural fields and pasture.  It was 
located 5 km northwest of Grand Junction, TN, in Fayette and Hardeman counties.  Agricultural 
crops in the area consisted of soybean (Glycine max), corn (Zea mays), and cotton 
 
 
Fig. 1--Study areas in western Tennessee, USA, utilized in an assessment of differential capture 
success and interspecific association of two sympatric mesopredators, Virginia opossum 
(Didelphis virginiana) and raccoon (Procyon lotor):  1) Ames Plantation, Fayette and Hardeman 
counties; 2) Edward J. Meeman Biological Station, Shelby County. 
 
(Gossypium spp.).  Upland forests consisted of loblolly pine (Pinus taeda), oaks (Quercus spp.), 
and hickories (Carya spp.).  Bottomland forests (see Gabor 1993) were comprised of oaks, 
maples (Acer spp.), cottonwood (Populus deltoides), and sweet gum (Liquidambar styraciflua).  
Meeman was located approximately 25 km north of Memphis, TN, and 2 km east of the 
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Mississippi River.  The site consisted of 252 ha which include upland forests, lowland forests, 
grasslands, and forest edges.  Upland forests are composed of beeches (Betula spp.), oaks, and 
hickories.  Lowland forests consisted of mostly elms (Ulmus spp.) and cottonwood.  There were 
past old fields transitioned into grasslands found throughout the upland areas and consisted of a 
mixture of different grasses as well as goldenrod (Solidago spp.), blackberry (Rubus spp.), and 
kudzu (Pueraria lobata) patches (Maris 1998).   
Previous databases analyzed for the study included 6 years of live-trap data collected 
from Ames and Meeman.  The data from live-trapping during previous studies utilized 
raccoon-sized Tomahawk and Havahart live traps placed in trapping grids to capture Virginia 
opossums and raccoons.  Ames had five trapping grids each in an 8-x-8 configuration, and traps 
were set approximately 230 m apart (Fig. 2; see Appendix 1 of Bingham 2018 for locations of 
individual traps); while at Meeman, there was a 5-x-10 trapping grid with traps located 
approximately 150 m apart (Fig. 3; see Appendix 2 of Bingham 2018 for locations of individual 
traps).   Bait used for trapping was consistent at all sites and included canned cat food, canned 
dog food, and doughnuts.  The data recorded from these grids utilized for analysis were trap 
location, date, and species captured.  The total number of trap nights (1 trap night = 1 trap set for 
1 night) for Ames and Meeman were 73,280 and 19,650, respectively.  Each animal was tagged 
in both ears for identification, Virginia opossums with rabbit tags and raccoons with No. 3 




Fig. 2--Trapping grids utilized in a study of interactions between the Virginia opossum 
(Didelphis virginiana) and raccoon (Procyon lotor) to determine the capture-success rate and 




Fig. 3--Trapping grid utilized in a study of interactions between the Virginia opossum (Didelphis 
virginiana) and raccoon (Procyon lotor) to determine the capture-success rate and trapping 




Habitat variables - Habitat variables that were used for this study were the normalized 
difference vegetation index (NDVI), slope, elevation, distance to various habitat features (both 
study areas:  open area, source of open water, river, road, wooded area, and wooded water; Ames 
only:  wooded wetland), and site area percentages from various habitat types (both study areas:  
coniferous forest, cropland, deciduous forest, developed open space, mixed forest, open water, 
pasture, shrubland, and woody wetland; Ames only:  low intensity developed space, medium 
intensity developed space, herbaceous, and herbaceous wetland).  NDVI was calculated in 
ArcMap 10.5 for each year of the study utilizing Landsat imaging collected for each specific 
year.  Distance to estimates also were calculated in ArcMap 10.5 with the Euclidean distance 
tool.  To determine site area percentages, each study site was divided into trapping site grids and 
within these grid areas for each habitat type were calculated then divided by the total area of the 
trapping site grid.  After all variables were created, the data associated with each trap location 
was exported into excel for data analysis which are shown in Appendices 3-8 of Bingham 
(2018). 
Data analyses - The number of captures of Virginia opossums, the number of captures of 
raccoons, and the collective number of Virginia opossums and raccoons captured were 
determined for each trapping location, each year of trapping, and each trap location per year.  A 
chi-square goodness of fit analysis in SPSS (IBM SPSS Statistics Version 24.0.0.0) was 
conducted to determine if trapping location, trap year, or trap location per year, respectively, 
have significantly higher than expected capture-success.  A Pearson’s correlation coefficient in 
SPSS was used to determine the relationship between capture successes of the two species and 
trap location, trap year, and trap location per year, respectively.  Correlation analysis also was 




Differential capture success by trap location (Ames) - Capture-success rate by location for 
Virginia opossum ranged from 0.00 to 8.54%; raccoons had a capture-success rate by location 
ranging from 0.00 to 6.10%.  Combined capture-success rate ranged from 0.00 to 10.37%.  
Appendix 9 of Bingham (2018) summarizes capture-success rates at Ames.  Sites with greatest 
capture-success for Virginia opossums were sites 346, 375, 374, 317, and 355 which were all 
located in grid 5; and there were 78 sites that had no capture of Virginia opossums throughout 
the study period.  For raccoons, sites with greatest capture-success were sites 366 (grid 5), A3 
(grid 3), 364 (grid 5), 277 (grid 4), and 289 (grid 4), with 93 sites having no captures of raccoons 
throughout the study period.  With both species considered, sites with greatest capture sites were 
346 (grid 5), 375 (grid 5), 292 (grid 4), 364 (grid 5), and 366 (grid 5).  Forty sites had no capture 
of either species throughout the study period. 
 Chi-square showed a significant difference between trap sites for Virginia opossums (X2 
= 942.71, CV (critical value) = 381.78, p = 0.01), raccoons (X2 = 731.40, CV = 381.78, p = 0.01), 
and species combined (X2 = 1,180.76, CV = 381.78, p = 0.01).  Pearson’s correlation showed a 
significant relationship for the two species between trap location and capture-success (r2 = 0.195, 
p = 0.000).  Appendices 10 and 11 of Bingham (2018) depict capture-success rates for each 
species within the Ames study area.   
Differential capture success by year (Ames) - Capture-success rate by year for Virginia 
opossum ranged from 0.72 to 2.02%; raccoons had a capture-success rate ranging from 0.44 to 
1.65%, and a combined capture-success rate ranged from 1.29 to 2.93%.  Years ordered from 
greatest to lowest capture success for Virginia opossums were 2003, 2004, 2000, 2002, 2005, 
and 2001.  Furthermore, greatest to lowest capture-success years for raccoons were 2000, 2001, 
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2002, 2003, 2004, and 2005.  With both species considered, years in highest to lowest ranking 
order were 2000, 2003, 2004, 2001, 2002, and 2005. 
 A chi-square test determined a significant difference between years for Virginia 
opossums (Χ2 = 2,567.12, CV = 26.22, p = 0.01), raccoons (Χ2 = 1,050.14, CV = 26.22, p = 
0.01), and species combined (Χ2 = 2,299.81, CV = 26.22, p = 0.01).  However, a Pearson’s 
correlation showed no significant relationship between species (r2 = -0.155, p = 0.770).   
Differential capture success by trap location per year (Ames) - Total trap nights for each 
year are as follows:  4,672 nights for 2000; 18,688 nights for 2001; 14,336 nights for 2002; 
19,200 nights for 2003; 12,288 nights for 2004; and 4,096 nights for 2005.  Appendix 12 of 
Bingham (2018) shows summaries of differential capture success by trap location per year.   
Chi-square tests determined a significant difference for most years in capture success 
between trap locations per year for Virginia opossums, raccoons, and species combined (Table 
1).  However, in the years 2003 and 2004, no significant difference was found for the capture  
 
Table 1:  Chi-square results per year for a study of interactions between the Virginia opossum 
(Didelphis virginiana) and raccoon (Procyon lotor) at Ames Plantation, Fayette and Hardeman 
counties, TN.  X² = chi-square value; CV = critical value; p = p-value. 
Year 
Virginia opossums Raccoon Species combined 
X² CV  p  X² CV  p  X² CV  p  
2000 221.60 225.33 0.05 194.80 225.33 0.05 223.18 225.33 0.05 
2001 397.31 381.78 0.01 417.57 381.78 0.01 480.48 381.78 0.01 
2002 367.22 362.72 0.05 444.84 381.78 0.01 444.62 381.78 0.01 
2003 494.63 381.78 0.01 307.02 362.72 0.05 543.09 381.78 0.01 
2004 422.07 381.78 0.01 269.33 362.72 0.05 445.97 381.78 0.01 




success between trap sites for raccoon.  Furthermore, in 2000, chi-square tests also showed no 
significant difference in the capture success between trap sites for Virginia opossums, raccoons, 
or species combined.  A Pearson’s correlation analysis showed no significant relationship 
between species for 2000, 2001, 2003, and 2005.  However, there was a significant relationship 
between species for 2002 and 2004.  Appendices 13 and 14 in Bingham (2018) depict capture-
success rates for each species in each year. 
Table 2:  Pearson’s correlations of differential capture success between the Virginia opossum 
(Didelphis virginiana) and raccoon (Procyon lotor) at Ames Plantation, Fayette and Hardeman 
counties, TN.  r² = Pearson’s correlation value; p = p-value. 
  2000 2001 2002 2003 2004 2005 
r² -0.06 0.065 0.159 0.081 0.135 0.14 
 p  0.375 0.248 0.004 0.147 0.016 0.116 
 
Summaries of the correlations between differential capture success for each species and 
selected habitat variables for each year are given in Appendices 15 and 16 of Bingham (2018).  
A Pearson’s correlation analysis showed that habitat variables that had significant positive 
correlations with capture success of Virginia opossum most consistently throughout the study 
were elevation (2001:  r2 = 0.190, p = 0.001; 2002:  r2 = 0.363, p = 0.000; 2004:  r2 = 0.333, p = 
0.000; all years combined:  r2 = 0.330, p = 0.000) and percentage herbaceous wetland area 
(2000:  r2 = 0.177, p = 0.014; 2001:  r2 = 0.468, p = 0.000; 2002:  r2 = 0.169, p = 0.002; all years 
combined:  r2 = 0.226, p = 0.000).  Habitat variables that had significant negative correlations 
with capture success with Virginia opossum throughout the study were distance to open water 
(2001:  r2 = -0.159, p = 0.004; 2002:  r2 = -0.205, p = 0.000; 2003:  r2 = -0.169, p = 0.002; 2004:  
r2 = -0.206, p = 0.000; all years combined:  r2 = -0.253, p = 0.000) and percentage coniferous 
forest (2001:  r2 = -0.118, p = 0.034; 2002:  r2 = -0.140, p = 0.012; 2003:  r2 = -0.180, p = 0.001; 
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all years combined:  r2 = -0.160, p = 0.004).  Raccoon capture success was found to have 
sporadic significant positive correlations with no single habitat variable displaying positive 
correlations consistently throughout the time frame of the study.  However, habitat variables that 
exhibited significant negative correlations with raccoon capture success most consistently 
throughout the study were distance to river (2001:  r2 = -0.116, p = 0.039; 2002:  r2 = -0.115, p = 
0.039; 2003:  r2 = -0.152, p = 0.007; all years combined:  r2 = -0.150, p = 0.007), distance to 
wooded area (2001:  r2 = -0.170, p = 0.002; 2003:  r2 = -0.207, p = 0.000; 2004:  r2 = -0.123, p = 
0.028; all years combined:  r2 = -0.204, p = 0.000), distance to wooded water (2001:  r2 = -0.115, 
p = 0.040; 2002:  r2 = -0.116, p = 0.039; 2003:  r2 = -0.153, p = 0.006; all years combined:  r2 = -
0.151, p = 0.007), and distance to wooded wetland (2001:  r2 = -0.170, p = 0.002; 2003:  r2 = -
0.207, p = 0.000; 2004:  r2 = -0.123, p = 0.028; all years combined:  r2 = -0.204, p = 0.000).   
Differential capture-success by trap location (Meeman) - Capture-success rate by 
location ranged from 0.00 to 8.40% for Virginia opossums, 0.00 to 5.86% for raccoons, and 0.01 
to 12.47% for species combined.  Appendix 17 of Bingham (2018) summarizes capture-success 
rates at Meeman.  Sites with greatest capture success for Virginia opossums were C10, A8, A9 
and A1; whereas sites with low capture success were C9, B7, B10 and A10.  Sites with greatest 
capture success for raccoons were A1, C3, B2, and D2; whereas sites with lower capture success 
were E6, A5, B9, and B7.  With both species considered, sites with greatest capture were A1, 
A8, A2 and A7; whereas, B6, C8, B9, and A4 had the lowest capture-success rates.  
Capture-success rates for each species at Meeman are depicted in Appendix 18 of Bingham 
(2018). 
Chi-square tests showed a significant difference between trap sites for Virginia opossums 
(Χ2 = 192.172, CV = 76.15, p = 0.01), raccoons (Χ2 = 189.783, CV = 76.15, p = 0.01), and 
13 
 
species combined (Χ2 = 364.466, CV = 76.15, p = 0.01).  Pearson’s correlation coefficients 
showed no significant relationship for the two species between trap location and capture success 
(r2 = -0.047, p = 0.748).   
Differential capture success by year (Meeman) - Capture-success rate by year for the 
Virginia opossum ranged from 1.43 to 5.16%; raccoons had a capture-success rate ranging from 
1.43 to 2.90%, and combined capture-success rate ranged from 2.87 to 7.41%.  Years arranged 
by greatest to lowest capture success for Virginia opossums are 2002, 2001, 2003, 2004, 2005, 
and 2000.  Furthermore, years arranged by greatest to lowest capture-success years for raccoons 
are 2003, 2001, 2005, 2004, 2002, and 2000.  With both species considered, years in greatest to 
lowest capture success are 2002, 2001, 2003, 2004, 2005, and 2000. 
Chi-square test showed a significant difference between years for Virginia opossums (Χ2 
= 993.566, CV = 26.22, p = 0.01), raccoons (Χ2 = 473.612, CV = 26.22, p = 0.01), and species 
combined (Χ2 = 1456.554, CV = 26.22, p = 0.01).  However, a Pearson’s correlation showed no 
significant relationship between species (r2 = 0.573, p = 0.234).   
Differential capture-success by trap location per year (Meeman) - Total trap nights for 
each year are as follows:  2,650 nights for 2000; 4,500 nights for 2001; 4,400 nights for 2002; 
4,100 nights for 2003; 2000 nights for 2004; and 2000 nights for 2005.  Differential capture 
success for each species by trap location per year are depicted in Appendix 19 of Bingham 
(2018). 
Chi-square tests determined a significant difference for most years in the capture success 
between trap locations per year for Virginia opossums as well as for raccoons, and species 
combined (Table 3).  For 2005, chi-square tests showed no significant difference in capture 
success between trap sites for Virginia opossums and species combined.  Furthermore, a 
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Pearson’s correlation showed no significant relationship between species for most years, with a 
significant relationship between species indicated only in 2003 (Table 4).  Appendices 20 and 21 
of Bingham (2018) depict capture-success rates of each species in each year for the Meeman 
study area.   
Table 3:  Chi-square results per year for a study of interactions between the Virginia opossum 
(Didelphis virginiana) and raccoon (Procyon lotor) at Edward J. Meeman Biological Station, 
Shelby County, TN.  X² = chi-square value; CV = critical value; p = p-value. 
Year 
Virginia opossums Raccoon Species combined 
X² CV  p  X² CV  p  X² CV  p  
2000 83.05 76.15 0.01 77.79 76.15 0.01 78.57 76.15 0.01 
2001 103.72 76.15 0.01 73.11 76.15 0.01 83.05 76.15 0.01 
2002 103.18 76.15 0.01 71.20 67.50 0.05 88.42 76.15 0.01 
2003 76.00 67.50 0.05 74.70 67.50 0.05 104.42 76.15 0.01 
2004 103.19 76.15 0.01 94.49 76.15 0.01 94.86 76.15 0.01 
2005 48.02 67.50 0.05 72.83 67.50 0.05 56.05 67.50 0.05 
 
Table 4:  Pearson’s correlations of differential capture success between the Virginia opossum 
(Didelphis virginiana) and raccoon (Procyon lotor) at Edward J. Meeman Biological Station, 
Shelby County, TN.  r² = Pearson’s correlation value; p = p-value. 
  2000 2001 2002 2003 2004 2005 
r² -0.05 -0.17 -0.064 0.387 -0.048 -0.068 
 p  0.748 0.239 0.659 0.005 0.743 0.641 
 
Summaries of the correlations between differential capture success for each species and 
selected habitat variables for each year are shown in Appendices 22 and 23 of Bingham (2018).  
A Pearson’s correlation analysis showed only one habitat variable to have a significant positive 
correlation with capture success of the Virginia opossum:  distance to open area (2000:  r2 = 
0.330, p = 0.019; 2001:  r2 = 0.426, p = 0.002).  Habitat variables that had a significant negative 
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correlation with capture success of the Virginia opossum were distance to open water (2000:  r2 
= -0.292, p = 0.040; 2001:  r2 = -0.356, p = 0.011), distance to river (2000:  r2 = -0.550, p = 
0.000), distance to road (2000:  r2 = -0.384, p = 0.006; 2005:  r2 = -0.385, p = 0.006), distance to 
wooded water (2000:  r2 = -0.539, p = 0.000), and percentage pasture (2001:  r2 = -0.316, p = 
0.025; 2003:  r2 = -0.281, p = 0.048). 
Raccoon capture success was found to have significant positive correlations to distance to 
open area (2001:  r2 = 0.426, p = 0.002; 2003:  r2 = 0.450, p = 0.001; all years combined:  r2 = 
0.388, p = 0.005); whereas habitat variables that exhibited significant negative correlations with 
raccoon capture success included the following:  NDVI (2000:  r2 = -0.322, p = 0.023), distance 
to open water (2001:  r2 = -0.356, p = 0.011; all years combined:  r2 = -0.425, p = 0.002), 
distance to river (2000:  r2 = -0.342, p = 0.012; all years combined:  r2 = -0.353, p = 0.012), 
distance to road (2000:  r2 = -0.354, p = 0.012; 2002:  r2 = -0.525, p = 0.000; 2003:  r2 = -0.371, 
p = 0.008), distance to wooded water (2000:  r2 = -0.332, p = 0.019; all years combined:  r2 = -
0.349, p = 0.013), and percentage pasture (2001:  r2 = -0.316, p = 0.025; 2003:  r2 = -0.326, p = 
0.021; all years combined:  r2 = -0.281, p = 0.048). 
Comparison of study areas - Total trap nights across study areas was 92,930 nights.  
Capture-success rate at Ames for Virginia opossum was 1.328%, while capture success for 
raccoons was 0.992% and capture success of species combined was 2.320%.  Capture-success 
rates for Virginia opossums at Meeman was 3.656 %, while raccoons had a capture-success rate 
of 2.341% and a combined capture-success rate of 3.036%.  A chi-square test showed no 
significant difference between study areas for Virginia opossum (Χ2 = 0.011, CV = 6.635, p = 
0.01), raccoon (Χ2 = 0.005, CV = 6.635, p = 0.01), and species combined (Χ2 = 0.016, CV = 
6.635, p = 0.01).   Additionally, a Pearson’s correlation showed no significant relationship 
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between study sites based upon year for Virginia opossum (r2 = -0.174, p = 0.741), raccoon (r2 = 
-0.612, p = 0.196), and species combined (r2 = -0.270, p = 0.605).   
DISCUSSION 
Interspecific association- At the Ames study area, a significant low positive correlation was 
noted between trap location and capture success of the two species spatially but not temporally.  
In a spatio-temporal view, significant correlations between trap location and capture success for 
only 2 years were low positive correlations for both years.  Furthermore, the capture-success 
rates of one species do not seem to affect the capture-success rates of the other species at 
Meeman spatially or temporally.  This is similar to the findings of Kissell and Kennedy (1992) 
and Carver (2009) supporting a neutral relationship.  However, in a spatio-temporal view of the 
data, there was one instance of a medium-positive correlation between trap location and species 
capture success during the year 2003.  Temporal partitioning between Virginia opossums and 
raccoons has been investigated before with contrasting views of verified-temporal partitioning 
(Ladine 1997) and no temporal partitioning exhibited during the study (Carver et al. 2011).   
There were no significant observations of competition in the present study which has been 
suggested in the past (Ginger et al. 2003).  However, the association of these two species in the 
other studies were assessed based upon coefficients of association rather than Pearson’s 
correlation coefficients used during this study.  Also, this study looked at the data in various 
aspects, spatially, temporally, and spatio-temporally.  Spatio-temporal aspects of differential 
capture success had not been studied previously.  Examination of the data just spatially or 
temporally revealed less significant relationships than examining the data in a spatio-temporal 
aspect.  Some causes for previous conflicting views of Virginia opossum and raccoon 
interactions could be because of the difference in analyses of data.  Carver (2009) examined the 
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possibility that population sizes may affect species interactions and interpreted any significant 
correlation between the two as coincidental and more likely due to varying habitat conditions.  
This study found spatial association in one site but not in the other.  The area where the study 
occurred also could contribute to conflicting results in species association calculations because 
other wildlife in the area may be contributing factors to area usage by these two species.  
According to Davidson (1980), if a third species were introduced in an area in which two 
possible competitors already exist, behavioral changes may arise that are not able to be predicted 
with linear models.  Davidson (1980) also mentions that population interaction studies are not 
usually controlled enough to determine whether changes within the area are related directly with 
pair-wise interspecific interactions or not. 
Habitat features associated with capture success - Both species for this study appear to 
be compatible with a variety of different habitats which has been previously noted for Virginia 
opossums and raccoons, making it difficult to model habitat preference (Baldwin 2003).  For 
Virginia opossums, both sites showed higher capture success in areas that were far from open 
areas and closer to water.  Other studies have found Virginia opossum presence to be related to 
distance to water (Allen et al. 1985; Levesque 2001).  Within Ames, areas of higher elevation 
and less slope were preferred.  Baldwin (2003) found that slope gradient was not a factor in 
Virginia opossum presence.   Swift fox will choose den sites at higher elevations because it not 
only provides better visibility but can allow for better access to cover if the animal needs to 
escape (Kintigh and Andersen 2005).  Areas with a low percentage of herbaceous and shrublands 
along with low vegetation densities also were preferred.  Virginia opossums may prefer areas of 
oak forest over grasslands in the Cross Timbers Experimental Range of Oklahoma (Ginger et al.  
2003).  Preferred areas by Virginia opossum within Ames also were far from roads and close to 
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woods or in areas with high percentages of wooded wetlands, herbaceous wetlands, or low 
intensity developed areas.  Virginia opossums have been found to prefer forested areas near 
water in previous studies (Kissell and Kennedy 1992; Dijak and Thompson 2000; Baldwin 
2003).  The wooded areas associated with Virginia opossums in the present study were not 
highly representative of coniferous or mixed forests.  Contrastly, in the Georgia piedmont, most 
dens were found in upland pine forests (Allen et al. 1985).  Unlike Ames, higher capture-success 
was associated with areas closer to roads at Meeman.  The differences in preference of areas 
relative to roads for the two study areas could be a result of traveling needs.  Predators may use 
roads for travelling faster while expending less energy; and, for some mesopredators including 
raccoons, the use of roads also could differ based upon seasonal activities (Frey and Conover 
2006).  Another unique characteristic of areas preferred by Virginia opossum within Meeman 
was low percentages of pastured lands.  Kocer (2004) also found that Virginia opossums 
preferred wooded areas over grasslands and pasture.  Latitude has been found as a significant 
factor related to Virginia opossum abundance (Dijak and Thompson 2000).  With climate change 
affecting many habitats, there could be change in Virginia opossum distributions.  Among 
different years, there were conflicting outcomes of capture success and areas made up of 
cropland.  This probably means that the percentage of the site made up of croplands does not 
really affect presence of Virginia opossums even though there were some significant correlations 
observed during the study.  Wolcott (2007) found that higher success of capture of Virginia 
opossum was found in areas further from fields and suggests this could be because the study 
areas are barren during the winter with little to no food available.   
Raccoons preferred areas that were closer to roads and water sources.  Baldwin (2003) 
found that distance to permanent water sources was correlated with raccoon presence, and, in 
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Mississippi, raccoon core-use areas were found close to streams probably in relation to foraging 
opportunities, and most available free water for their study was associated with wooded areas as 
well (Chamberlain et al. 2006).  Like Virginia opossums on the Ames study area, raccoons also 
preferred areas that were close to woods and low percentages of shrub lands.  However, the 
forested areas are preferred with high percentages of coniferous and mixed forests unlike 
Virginia opossums.  This could allude to some resource partitioning between the two species.  
According to the niche theory, because raccoons and opossums are syntopic species that exhibit 
high resource overlap, resource partitioning of some sort is necessary for survival (Gause 1932; 
Hardin 1960).  Another study found contrasting results where more Virginia opossums were 
found in coniferous forests while raccoons were found more often in upland hardwoods 
(McKeever 1959).  Another difference between the preferred areas of the two species on Ames is 
that raccoons preferred lower elevations which could be another way to partition resources in the 
area.  Within Ames, raccoons also preferred areas that had high percentages of open water and 
herbaceous areas as well as areas that had lower percentages of crops.  Other studies found that 
raccoons preferred croplands intermixed with woody areas (Johnson 1970; Pedlar et al. 1997).  
Within Meeman, raccoons exhibited preferences similar to those of Virginia opossums such as 
areas further from open areas and lower percentage of pastured lands.  Comparable results of 
pasture lands associated with raccoon presence has been observed (Pedlar et al. 1997).  Raccoons 
on this study area also preferred areas with lower vegetation densities.  This could be for faster 
movement or better visibility.  There were conflicting results among years with distance to open 
areas and open water as well as percentage pasture within the area.  This suggests that these 
habitat variables were not related to raccoon presence within this study.  There are numerous 
factors that can affect resource selection and space use by raccoons which could cause variations 
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in habitat preferences within different study areas (Chamberlain et al.  2006).  Raccoon resource 
selection also varies across seasons (Stuewer 1943; Johnson 1970) which could affect habitat 
preferences among and within study areas.  Other studies have found similar results indicating 
that raccoons prefer forested areas near water (Leberg and Kennedy 1988; Kissell and Kennedy 
1992; Baldwin 2006).  However, there is some evidence that raccoon presence and areas 
associated with water are not related (Ginger et al. 2003).   
The present study found that water on site was not associated with capture success.  
However, this study also found that areas too far from water were not preferred by these two 
species.  Overall, this study showed that areas with greatest capture include forested sites.  
Forested sites associated with large trees have been associated with both Virginia opossum and 
raccoon presence (Baldwin et al. 2006) which could be associated with den locations.  Most 
preferred sites were in less developed areas unless the development was left as open space.  
These areas were not associated with water being present at site, but the sites were associated 
with being closer to sources of water.  Within Ames, some areas with higher capture success 
included areas near crops and included forest/field edges for both species.  Sites with lower 
capture success seemed to be even further from water sources, closer to or within open areas, and 
not as forested.  Previous studies have reported similar results for capture success utilizing live-
trap data (Kissell and Kennedy 1992; Ginger et al. 2003; Graser et al. 2012).  Understanding 
which habitat variables are similar in areas of varying capture success will help improve our 
understanding of where to find these species and help predict their occurrences within the site 
and throughout larger areas.  This study used habitat variables measured remotely.  It is a 
possibility that non-permanent sources of water were not found with these measurements within 
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the area of the capture sites.  Therefore, this study could have overlooked the importance of 
water in relation to the presence of either species. 
Since most interactions are not exclusive, it would be interesting to research other species that 
could have an impact on the presence of these two species.  Hence, future work could include 
trapping other species in the area that could have an impact on the presence of these two species 
such as those with similar ecological needs (skunks) or predators of these species (coyotes, 
foxes, bobcats, etc.).  Future work also could include seasonal differences in habitat preference 
across years and comparing seasonal habitat preferences from year to year as well as 
incorporating other study areas with varying landscape profiles.  To gain better insight on the 
habitat associated with the study areas, researchers could incorporate habitat variables measured 
at the site as well as the remotely measured variables derived for this study.  This could 
contribute insight on the ecological needs of these two species and improve our understanding of 
where they can be found during specific seasons or within specific landscapes.  Even though 
some resource partitioning may have been observed, there was no direct competition observed in 
the present study.  Therefore, it is plausible that predicting the co-occurrence of these two 
species would be possible. 
CONCLUSIONS 
1. Greatest capture success was in forested areas associated with deciduous trees 
(Virginia opossums) and coniferous trees or mixed forests (raccoons), differences 
between species may exhibit some sort of resource partitioning. 
2. Virginia opossums preferred higher elevations on Ames, while raccoons preferred 




3. Occurrence was related to less developed areas for both species. 
4. Permanent water was not necessarily required on the site but was found at least 150 m 
away from trap site. 
5. Habitat variables were remotely measured, and non-permanent water sources may 
have been overlooked. 
6. Lower capture success was associated with sites near or in open spaces with less trees 
and even further from water sources. 
7. Conflicting results were observed with species occurrence and distance to roads. 
8. Spatially, at Ames, a significant correlation between species was observed; 
temporally a significant correlation between species was not observed for either study 
area; and, spatio-temporally, some small significant correlations between species was 
observed at both study sites between capture success and trap location. 
9. There was no significant correlation that indicated avoidance or competition between 
the two species; all significant correlations were low to medium positive correlations 
which elude to a neutral relationship between species. 
10. Future work could include determining if the presence of other taxa with similar 
ecological requirements or predatory taxa in the area might impact the associations of 
Virginia opossums and raccoons. 
11. Because raccoon presence varies over season and landscape, analyses of the data for 
each season compared across years may provide more insight on habitat preference. 
12. Neutral relationships observed make ecological niche modeling possible, but it may 
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Species interactions play a key role in shaping community structure.  Co-occurrence is one type 
of species interactions that has been the topic of recent ecological research.  Previous studies 
share conflicting views on the association of Virginia opossums and raccoons.  However, with 
their broad niche overlap, many opportunities for habitat sharing exist.  Many studies have 
attempted to predict occurrence of animal species, but few have tried to predict the 
co-occurrence of taxa.  This study utilized 6 years of live-trap data from Ames Plantation and 
Edward J. Meeman Biological Station in western Tennessee to predict the co-occurrence of 
Virginia opossum and raccoon via satellite imagery and the MaxEnt program.  MaxEnt models 
produced from this study were successful in predicting species occurrence and co-occurrence.  
Areas with high percentage of deciduous forest near water displayed high probabilities of species 
co-occurrence.  Since the niche breadth of Virginia opossums were smaller than that of raccoon, 
Virginia opossums could be the limiting factor in areas of co-occurrence.  Future work could 
include gathering data that is more evenly dispersed to improve model predictions, prediction of 
co-occurrence over larger areas, or utilizing a different set of species. 
Key words:  co-occurrence, mesopredator, ecological niche modeling, habitat selection, MaxEnt, 




Temporal and spatial association regarding interspecific interactions is valuable when 
investigating the relationships of species within community structures (Cox 2002).  Because of 
the role species interactions play in shaping community structure and the complexity of 
interspecific relationships, co-occurrence of species has been the topic of numerous ecological 
investigations (Connell 1983; Begon et al. 2006) as well as of recent interest (Mueller et al. 
2018).  Poindexter et al. (2011) pointed out that species co-occurrence is a key area of ecological 
research and that identification of coexisting taxa is a necessary first step in determining 
mechanisms enabling habitat sharing.  However, there is a lack of complete understanding of 
interspecific interactions within biological communities (Linnell and Strand 2000; Carver 2009).  
For interspecific interactions to exist, the two species must co-occur in the same area at some 
point in time.  Previous studies have suggested that Didelphis virginiana (Virginia opossum) and 
Procyon lotor (raccoon) make an interesting model for interspecific-ecological investigations 
because of their broad niche overlap observed through similarities in their geographic ranges 
(McManus 1974; Lotze and Anderson 1979), activity patterns, food preferences, and habitat 
utilization (Kissell and Kennedy 1992; Gardner and Sunquist 2003; Gehrt 2003).   
Virginia opossums are a nocturnal-generalist species that feed on birds, insects, frogs, 
snakes, small mammals, slugs, earthworms, and fruit (McManus 1974; Gardner 1982).  Also, 
raccoons are a nocturnal-generalist species that feeds on insects, worms, fruits and mast, birds, 
mammals, fish, amphibians, and bird eggs (Lotze and Anderson 1979).  There is much overlap in 
food and habitat, and, even though these two species are not closely related taxonomically, they 
have numerous opportunities for interspecific interactions.  Virginia opossums belong to the 
order Didelphimorphia; whereas, raccoons belong to the order Carnivora.  Many interactions 
between such distantly related species are poorly understood.  Developing ways to determine 
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areas of possible co-occurrence for two species could be very helpful in many ecological 
investigations that involve more than one species, such as temporal and spatial association of 
interspecific interactions.  Such information could be helpful in determining study-area locations 
and provide a better understanding as to why these areas are more suited for co-occurrence than 
other areas.  It is important to choose species that will have natural areas of co-occurrence when 
developing a model, as well as species that may exhibit interspecific associations.  Therefore, 
Virginia opossums and raccoons were used as a model to determine if co-occurrence can be 
predicted by using ArcGIS and ecological niche modeling.  Specifically, I tested the hypothesis 
that factors such as elevation; area percentages comprised of water, forest, and open area; and 
distance to nearest road, water source, open area, and wooded area will contribute to the 
occurrence of these two species.  Also, I tested the prediction that co-occurrence will be 
observed in areas with higher percentages of forests, closer to open water, and lower elevations.   
MATERIALS AND METHODS 
Study areas - The study included two locations in western Tennessee:  Ames Plantation (Ames), 
Fayette and Hardeman counties, and Edward J. Meeman Biological Station (Meeman), Shelby 
County (Fig. 1).  Located 5 km northwest of Grand Junction, TN Ames consisted of 7,462 ha of 
upland and bottomland forested areas intermixed with agricultural fields.  Upland forests 
consisted of loblolly pine (Pinus taeda), oaks (Quercus spp.), and hickories (Carya spp.).  
Bottomland forests were comprised of oaks, maples (Acer spp.), cottonwood (Populus deltoides), 
and sweet gum (Liquidambar styraciflua).  Agricultural crops consisted of soybean (Glycine 
max), corn (Zea mays), and cotton (Gossypium sp.; Gabor 1993).  Meeman was located 




Fig. 1--Study areas in western Tennessee, USA, utilized in an assessment of differential capture-
success and interspecific association of two sympatric mesopredators, Virginia opossum 
(Didelphis virginiana) and raccoon (Procyon lotor):  1) Ames Plantation, Fayette and Hardeman 
counties; 2) Edward J.  Meeman Biological Station, Shelby County. 
 
site consisted of 252 ha consisting of upland forests, lowland forests, grasslands, and forest 
edges.  Upland forests were composed primarily of beeches (Betula spp.), oaks, and hickories. 
Lowland forests consisted of mostly elms (Ulmus spp.) and cottonwood.  Grasslands, formerly 
old fields, were found throughout the upland areas and consisted of a mixture of grasses as well 
as goldenrod (Solidago spp.), blackberry (Rubus spp.), and kudzu (Pueraria lobata) patches.   
Occurrence localities - Data for the present study were from 6 years (2000-2005) of 
live-trapping at Ames and Meeman.  With raccoon-sized Tomahawk and Havahart live traps 
placed in grids to obtain species coordinates.  Ames had five 8-x-8 trapping grids set 
approximately 230 m apart (Appendix 1 of Bingham 2018), while Meeman was a 5-x-10 
trapping grid with traps set approximately 150 m apart (Appendix 2 of Bingham 2018).  Baits 
used for trapping included canned cat food, canned dog food, and doughnuts.  Data recorded 
from these grids include the trap location, date, and species for each capture.  Shape files were 
created for species occurrence and co-occurrence using ArcMap 10.5 (ESRI Inc.).   
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Habitat variables - Habitat variables were created utilizing Landsat imaging and remote 
sensing techniques.  Habitat variables used for the study were the normalized vegetation index 
(NDVI), slope, elevation, distance to various habitat features (both study areas:  open area, 
source of open water, river, road, wooded area, and wooded water; Ames only:  wooded 
wetland), and site-area percentages from various habitat types (both study areas:  coniferous 
forest, cropland, deciduous forest, developed open space, mixed forest, open water, pasture, 
shrubland, and woody wetland; Ames only:  low intensity developed space, medium intensity 
developed space, herbaceous, and herbaceous wetland).  A full list of habitat variable values is 
summarized in Appendices 3-8 of Bingham (2018).  NDVI was calculated in ArcMap for each 
year of the study utilizing Landsat imaging collected for each specific year.  Estimates related to 
the distance to various habitat variables were created in ArcMap utilizing the Euclidean distance 
tool.  To determine site area percentages, each study site was divided into trapping site grids, 
and, within these grids, areas for each habitat type were calculated and then divided by the total 
area of the trapping site grid.  After all variables were created, they were clipped to all the same 
extent with the same cell size and exported to an ASCII file. 
Fundamental niche modeling - MaxEnt (http://www.cs.princeton.edu/~schapire/MaxEnt/) 
was used for determining the ecological-niche for each year for each species.  The species 
occurrence files were used as the sample and environmental layers were the habitat variables.  
The output format was complementary log-log (cloglog) transform for easy interpretation 
(Phillips 2017), and the output file type was ASCII (.asc).  Pictures of predictions were made, 
and a jackknife for variable importance was conducted.  The random seed was used for testing, 
and the number of replicates used was 10.  The default values were used for regularization 
multiplier and maximum number of background points; while cross validate was used as the 
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replication type.  Co-occurrence for each year also was determined utilizing the same methods.  
Then habitat variables that not only contributed the most to the co-occurrence model but also 
gave unique information was determined for each study area, and a principal components 
analysis was conducted on these variables to reduce the number of variables used for the final 
ecological-niche output.  The two fundamental niche files for each year from MaxEnt were 
converted to rasters, multiplied by each other, and then combined to establish a map of the 
highest areas of species co-occurrence. 
Niche breadth and niche overlap - Ecological Niche Modeling (ENM) tools from 
http://enmtools.blogspot.com/ were used to analyze the niche breadth and overlap between 
Virginia opossums and raccoons for each year.  Since the B1 statistic (inverse concentration) is 
not trustworthy in environment space (Warren 2018), ecological-niche breadth was calculated 
using the B2 (uncertainty) statistic which is calculated as  B2 = exp-∑pi log pi.  There are no units 
for this calculation and is used only for comparison with other niche breadths.  Niche overlap is 
used to measure the similarity between the predictions of habitat suitability for the two species.  
Niche overlap was calculated by using three different statistics:  Schoener’s D (Schoener 1986), 
the I statistic (Warren et al. 2008), and relative rank (RR; Warren and Seifart 2011).  The D and I 
overlaps are calculated by summing the differences between species suitability scores in each 
grid/cell (after being standardized) and dividing by the geographic space being measured 
(Schoener 1986).  RR is an estimate of the probability that the relative ranking of any 2 habitats 
is the same for 2 models, irrespective of the quantitative differences in suitability estimates 
(Warren and Seifart 2011).  All 3 metrics range from 0 (totally discordant) to 1 (completely 





Ames:  fundamental niche modeling - At Ames, the MaxEnt niche models for Virginia opossum 
omission rates from the test data and training data were similar, and the models were accurate at 
omitting the test data.  The area under the curve values (AUCs) for the training data (2000 = 
0.793; 2001 = 0.651; 2002 = 0.660; 2003 = 0.620; 2004 = 0.646; and 2005 = 0.814) were similar 
AUCs for the test data (2000 = 0.751; 2001= 0.610; 2002 = 0.606; 2003 = 0.571; 2004 = 0.621; 
and 2005 = 0.770) show that as the specificity increases the omission rates increase which is 
depicted in Appendices 24 and 25 of Bingham (2018).  The MaxEnt niche models for raccoon 
also showed that omission rates from the test data and training data were similar with the models 
being successful at omitting the test data.  AUCs for the training data (2000 = 0.690; 2001 = 
0.709; 2002 = 0.672; 2003 = 0.644; 2004 = 0.659; and 2005 = 0.855) also were similar to the 
AUCs for the test data (2000 = 0.633; 2001= 0.673; 2002 = 0.570; 2003 = 0.561; 2004 = 0.655; 
and 2005 = 0.810), showing that as the specificity increases the omission rates increase depicted 
in Appendices 26 and 27 of Bingham (2018) which also eludes to model prediction success. 
Ecological niches at Ames for each year that were created utilizing MaxEnt for each 
species and their co-occurrence are shown in Appendices 28-30 of Bingham (2018).  Again, the 
ecological niche predictions for both species were multiplied for each year and compared to the 
co-occurrence prediction maps.  The multiplied niches are displayed in Appendix 31 of Bingham 
(2018).  Habitat variables that provided the most unique information with the highest 
contribution to the model were NDVI (2000, 2002, 2004), elevation (2000, 2001, 2005), distance 
to open area (2000, 2003, 2004), distance to river (2003), distance to road (2001, 2005), distance 
to wooded water (2002), distance to wooded wetland (2001, 2003, 2004), percentage coniferous 
forest (2005), percentage crops (2001, 2005), percentage deciduous forest (2002), percentage 
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herbaceous area (2003), percentage mixed forest (2000), percentage pasture (2002, 2003, 2004, 
2005), and slope (2001, 2003).  These were the habitat variables in which a principal components 
analysis was conducted specifically for each year and that output was used to create each of the 
models.  The MaxEnt fundamental niche models created showed that the sensitivity of the 
models (2000:  training data AUC = 0.806, test data AUC = 0.741; 2001:  training data AUC = 
0.695, test data AUC = 0.627; 2002:  training data AUC = 0.710, test data AUC = 0.615; 2003:  
training data AUC = 0.687, test data AUC = 0.633; 2004:  training data AUC = 0.750, test data 
AUC = 0.691; and 2005:  training data AUC = 0.802, test data AUC = 0.755) were adequate in 
predicting areas of occurrence and co-occurrence.  Because the collection sites were more evenly 
dispersed among this study area, there was better overall success in predicting occurrence and 
co-occurrence.   
Meeman:  fundamental niche modeling - All MaxEnt niche models for Virginia opossum 
showed that omission rates from the test data were very similar to the training data.  Thus, the 
models were accurate at omitting the test data.  The AUCs for the training data (2000 = 0.779; 
2001 = 0.761; 2002 = 0.752; 2003 = 0.773; 2004 = 0.784; and 2005 = 0.750) were similar to 
AUCs for the test data (2000 = 0.676; 2001= 0.687; 2002 = 0.717; 2003 = 0.728; 2004 = 0.713; 
and 2005 = 0.714) show that as the specificity increases the omission rates increase which is 
depicted in Appendices 32 and 33 of Bingham (2018).  Furthermore, Meeman MaxEnt niche 
models for raccoons also showed that omission rates from the test data were similar to those 
from the training data, and the models were successful at omitting the test data.  AUCs for the 
training data (2000 = 0.787; 2001 = 0.757; 2002 = 0.757; 2003 = 0.778; 2004 = 0.790; and 2005 
= 0.778) also were similar to the AUCs for the test data (2000 = 0.707; 2001 = 0.706; 2002 = 
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0.717; 2003 = 0.721; 2004 = 0.694; and 2005 = 0.724), showing that as the specificity increases 
the omission rates increase which is depicted in Appendices 34 and 35 of Bingham (2018).   
Meeman ecological niches for each year that were created utilizing MaxEnt for each 
species and their co-occurrence are depicted in Appendices 36-38 of Bingham (2018).  For 
comparison, the ecological niche predictions for Virginia opossums and raccoons were 
multiplied for each year and compared to the co-occurrence prediction maps.  These multiplied 
niches are depicted in Appendix 39 of Bingham (2018).  Habitat variables that contributed most 
to the model with the most unique information provided were NDVI (2000, 2002, 2005), 
elevation (2001, 2002, 2003, 2005), distance to open area (2001, 2005), distance to open water 
(2000, 2001, 2005), distance to river (2001, 2003, 2004), distance to wooded area (2000), 
distance to wooded water (2001, 2002, 2003, 2004), percentage coniferous forest (2000, 2001, 
2002, 2003, 2004, 2005), percentage deciduous forest (2004), percentage developed open space 
area (2004), percentage pasture (2000), and percentage shrubland (2001).  Hence, these habitat 
variables that were included in the principal components analysis were specific for each year and 
that output was used to create each of the models.  The MaxEnt niche models produced for this 
study had model sensitivities (2000:  training data AUC = 0.735, test data AUC = 0.700; 2001:  
training data AUC = 0.774, test data AUC = 0.709; 2002:  training data AUC = 0.760, test data 
AUC = 0.726; 2003:  training data AUC = 0.780, test data AUC = 0.741; 2004:  training data 
AUC = 0.761, test data AUC = 0.688; and 2005:  training data AUC = 0.804, test data AUC = 
0.740) that were adequate in predicting areas where of occurrence and co-occurrence.  However, 
areas where there was no data collected within the study area can easily be seen when looking at 
the prediction maps because it shows species presence a very low possibility even if the areas are 
suitable for occurrence.   
38 
 
Niche breadth – Within Ames, the niche breadth for the Virginia opossum in each year 
had the following inverse concentrations:  2000 = 0.981; 2001 = 0.997; 2002 = 0.993; 2003 = 
0.998; 2004 = 0.994; and 2005 = 0.972.  Raccoons had a slightly larger niche breadth than 
Virginia opossums (2000 = 0.995; 2002 = 0.995; and 2005 = 0.976)for three years with the other 
three years showing a smaller niche breadth (2001 = 0.991; 2003 = 0.996; and 2004 = 0.992) 
than that of the opossum for the same year.   
  At Meeman, the niche breadths for the Virginia opossum in each year had the following 
inverse concentrations:  2000 = 0.975; 2001 = 0.971; 2002 = 0.968; 2003 = 0.966; 2004 = 0.973; 
and 2005 = 0.968.  Overall, raccoons had a slightly larger niche breadth than Virginia opossums 
(2001 = 0.975; 2002 = 0.971; 2003  = 0.967; 2004 = 0.976; and 2005 = 0.972) with only one 
year showing a smaller niche breadth (2000 = 0.969) than that of the Virginia opossum for the 
same year.   
Niche overlap - Within Ames there was a large overlap in fundamental niches (2000:  
relative ranks overlap = 0.658, Schoener’s D = 0.734, and I = 0.931; 2001:  relative ranks 
overlap = 0.661, Schoener’s D = 0.849, and I = 0.975; 2002:  relative ranks overlap = 0.789, 
Schoener’s D = 0.926, and I = 0.991; 2003:  relative ranks overlap = 0.824, Schoener’s D = 
0.944, and I = 0.997; 2004:  relative ranks overlap = 0.556, Schoener’s D 0.883, and I = 0.987; 
and 2005:  relative ranks = 0.929, Schoener’s D = 0.928, and I = 0.992).  For Meeman, the two 
species also show large overlap in their fundamental niches for all years (2000:  relative ranks 
overlap = 0.891, Schoener’s D = 0.925, and I = 0.991; 2001:  relative ranks overlap = 0.908, 
Schoener’s D = 0.921, and I = 0.995; 2002:  relative ranks overlap = 0.954, Schoener’s D = 
0.962, and I = 0.998; 2003:  relative ranks overlap = 0.952, Schoener’s D = 0.958, and I = 0.998; 
2004:  relative ranks overlap = 0.877, Schoener’s D = 0.909, and I = 0.993; and 2005:  relative 
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ranks overlap = 0.867, Schoener’s D = 0.889, and I = 0.981).  Overall, there was not as much 
niche overlap at Ames Plantation as there was at Meeman. 
DISCUSSION 
Fundamental niche models - The realized niche developed for each species showed that the 
raccoon has potential for a much broader distribution than the Virginia opossum.  The original 
distribution maps for the Virginia opossum (McManus 1974) and raccoon (Lotze and Anderson 
1979) also show the raccoon having a wider distribution.  Thus, occurrence of the Virginia 
opossum is most likely a limiting factor for co-occurrence.  From distribution maps (McManus 
1974; Lotze and Anderson 1979), it appears that elevation might be a key factor in occurrence of 
Virginia opossum and thus a key factor in the co-occurrence of Virginia opossums and raccoons.  
The results from this study depicted elevation as a major contributor in species co-occurrence in 
multiple years at Ames and Meeman.  Other factors that played major roles in multiple years for 
both sites are NDVI specific to each year and distance to open areas.  Bingham (2018) showed 
that Virginia opossums preferred areas further from open areas for both sites, and raccoons 
preferred areas with lower vegetation densities on Meeman.  A study on maternal denning 
behavior of Virginia opossums (Hossler et al. 1994) found that maternal dens were found mostly 
in areas of higher vegetation density which was thought for protection of offspring.  For Ames, 
percentage pasture and crops along with distance to road and wooded wetlands played an 
important role in predicting co-occurrence.  Virginia opossums have previously been known to 
avoid pastures (Allen et al. 1985).  Whereas, raccoons have been found to prefer crop areas 
especially when these areas are corn fields probably because corn is part of their diet (Kocer 
2004; MacClintock 2002).   Kocer (2004) also mentions that raccoons show strongly preferred 
wetland areas along with skunks, while Virginia opossums chose all areas over wetlands except 
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farmsteads.   Distance to wooded water, open water, rivers, and percent coniferous forest played 
more of a role in predicting co-occurrence at Meeman.  This coincides with much of the 
literature which agree that, not only Virginia opossums prefer forested areas near water (Kissell 
and Kennedy 1992; Dijak and Thompson 2000; Baldwin 2003), but raccoons also are associated 
with these areas (Leberg and Kennedy 1988; Kissell and Kennedy 1992; Baldwin et al. 2006).  A 
model utilizing these main habitat variables across a wider study area could prove interesting 
since spatial scale seem to affect habitat variables impact towards predictability.  However, this 
model also must include data that is evenly distributed across the whole study area or else errors 
in prediction could occur. 
According to the fundamental niche maps that were produced by MaxEnt for Ames, 
species occurrence probability for the Virginia opossum is highest in areas comprised of lower 
percentages of pasture, higher slope gradients, and closer to wooded water or wooded wetlands.   
Wooded water and wooded wetlands provide two common factors in Virginia opossum 
occurrence:  trees and water.  Previous studies involving Virginia opossums have found that 
distance to water affects species presence (Allen et al. 1985; Levesque 2001).  Furthermore, in 
Oklahoma, Virginia opossums preferred areas comprised of oak forest over grassland areas 
(Ginger et al. 2003).  Ames data found correlations between Virginia opossum presence with low 
slope gradients utilizing a Pearson’s correlation analysis (Bingham 2018), but higher slope 
gradients utilizing MaxEnt techniques.  Slope gradient may not be as important a factor in 
predicting presence of this species for this site which coincides with the research of Baldwin 
(2003).  Fundamental niche maps for Meeman showed that occurrence probabilities for the 
Virginia opossum is highest in areas with the following attributes:  lower percentage of 
coniferous forest; higher percentage of deciduous forest; closer to open water; further from 
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rivers, roads, and wooded water sources.  From Bingham (2018), Virginia opossum have a 
negative correlation with coniferous or mixed forests; thus, this suggests preference for 
deciduous forest, which agrees with the fundamental niche map.  It would make sense that 
Virginia opossums would prefer forested areas since their dens are often found in forested areas 
(Allen et al. 1985).  However, MaxEnt output seems to disagree with Pearson’s correlation 
analyses in some instances.  Bingham (2018) showed Virginia opossums preferred areas 
comprised of high percentages of wooded wetlands, and the fundamental niche model shows that 
they prefer areas further away from wooded water instead choosing areas closer to open water.  
Perhaps the source of water may not have as big of a role in Virginia opossum just if water is 
available for use.  Overall, observances of this study agree with other studies conducted on 
habitat preference of Virginia opossums (Kissell and Kennedy 1992; Dijak and Thompson 2000; 
Baldwin 2003).  This provides support that the MaxEnt models were successful in predicting the 
occurrence of Virginia opossums.  Also, the omission rates from the test data were very similar 
to the training data which show that the MaxEnt models used were successful in predicting 
occurrence of Virginia opossum.  This supports the hypothesis that the occurrence of Virginia 
opossums can be predicted using environmental variables such as percent deciduous forest, 
percent coniferous forest, and distance measurements to various sources of water, roads, and 
wooded areas. 
The raccoon MaxEnt niche models for Ames and Meeman also showed that the omission 
rates from the test data were similar to that from the training data which suggests that this model 
was successful in predicting occurrences of raccoons throughout the study sites.  The MaxEnt 
niche maps for Ames show that raccoon occurrence probabilities are associated with areas that 
have lower percentages of crops and pasture land and higher percentages of deciduous forest.  
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This conflicts with previous studies indicating that raccoons preferred areas of croplands that 
were intermixed with wooded areas (Johnson 1970; Pedlar et al. 1997), but it does agree with 
previous observations of habitat preference towards pasture (Pedlar et al. 1997).  Forested areas 
have previously been found as a preference in raccoon habitat selection (Beasley et al. 2007).  
Preferred areas for raccoon at Ames are also associated with higher slope gradients and are 
further away from wooded water or wooded wetlands.  The MaxEnt niche maps for Meeman 
show that the highest probability of species occurrence is in areas that have lower percentages of 
coniferous forest and higher percentages of deciduous forests.  These areas also are closer to 
open water and further from rivers, roads, and wooded water sources.  Previous studies have 
found that distance to permanent water sources (Baldwin 2003) or areas associated with streams 
(Chamberlain et al. 2006) are related to raccoon presence.  Bingham (2018), raccoon presence 
was directly related to high percentages of coniferous or mixed forests.  Comparing results from 
Pearson’s correlation analyses and MaxEnt output, type of forest may not have as big of a role in 
raccoon just if trees are available for use.  These models are similar to other studies that 
researched habitat preferences of this species (Leberg and Kennedy 1988; Kissell and Kennedy 
1992; Baldwin et al. 2006).  This supports the hypothesis that the occurrence of raccoons can be 
predicted using similar environmental variables to those that can be used in predicting Virginia 
opossums such as percentage deciduous forest as well as distance measurements to various 
sources of water and wooded areas.  Thus, these habitat variables should be capable of predicting 
co-occurrence of the two species. 
The MaxEnt models created for co-occurrence proved to be successful by showing that 
they had similar omission rates in the test data and training data.  Within Ames, areas of higher 
co-occurrence probabilities were associated with the following habitat characteristics:  lower 
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elevation and higher slope; lower percentage of crops and pasture; higher percentage of 
deciduous forest; closer to wooded water or wooded wetlands; and further from open areas.  
Lower percentages of crops and pasture has been documented in the fundamental niche models 
for each species during the present study as well as areas comprised with higher percentages of 
deciduous forest.  These finding agree with previous studies of Virginia opossums (Kocer 2004) 
and raccoons (Pedlar et al. 1997).  Since raccoons were the only species that found associations 
with lower elevations for this study, Virginia opossums found an association for higher 
elevations in this study, and co-occurrence shows lower elevations with higher probabilities of 
occurrence; assumptions based on distribution maps (Lotze and Anderson 1979; McManus 1974) 
that Virginia opossums were limited by elevation seem inaccurate.  Thus, the previous 
hypothesis that Virginia opossums may be a limiting factor in species co-occurrence based on 
elevation is rejected.  For Meeman, the MaxEnt niche models had a wider variety of habitat 
variables that contributed to the model.  Results showed that areas with higher probabilities in 
co-occurrence were associated with lower percentages of coniferous forest and higher 
percentages of deciduous forest.  This agrees with the model for Ames.  Research showing 
Virginia opossum occurrence in association to trees could reflect areas needed for den locations 
(Allen et al. 1985; Baldwin et al. 2006).  Furthermore, these areas were associated with being 
closer to open water and further from rivers, roads, and wooded water.  Species could be 
utilizing water that is easily accessible which is not dependent upon the type of water source.  
The similarities in co-occurrence models compared to models for each species help support the 
hypothesis that co-occurrence can be predicted using certain environmental variables such as 
percentage deciduous forest and distance measurements to various water sources, and wooded 
areas.  However, previous research suggests that models better at predicting co-occurrence of 
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species would involve species that exhibit commensalism, since adding species in predicting 
co-occurrence assumes unidirectional interactions when there could be other underlying factors 
not included within the model (Pollock et al. 2014).  Co-occurrence of competitor species relies 
on differential niche occupancy (Poindexter et al. 2011).  Future work could involve species that 
exhibit commensalism such as the black-footed ferret and prairie dogs in which black-footed 
ferrets are highly dependent upon prairie dogs not only for food, but also for living areas (Breed 
and Moore 2012). 
Species niche overlap - These two species show high overlap for their fundamental 
niches which suggests we should find high probabilities of both species being present throughout 
much of their realized and fundamental niches.  Prior observations of habitat use by Virginia 
opossums and raccoons showed that Virginia opossum habitat use overlapped raccoons at a 
much higher rate than raccoon habitat use overlapped Virginia opossum (Kissell and Kennedy 
1992).  When using ArcGIS to multiply the fundamental niches of each species together, it does 
not provide us with large areas of high co-occurrence probabilities, but it does show many small 
areas where there are high probabilities within the realized and fundamental ecological niche 
maps with the largest areas of high species co-occurrence being in areas where most of the 
location data was recorded.  This shows bias to the areas with greater numbers in occurrences.  
MaxEnt models assume that the entire area for prediction has been evenly sampled 
(Kramer-Schadt et al.  2013).  The areas that show highest probabilities of co-occurrence are 
found scattered throughout the study areas.  The distributions of both species are found 
throughout both study areas; hence, co-occurrence was observed at various locations throughout 
both sites.  The models in the current study show that the co-occurrence of two species can be 
predicted using ArcGIS and ecological niche modeling in areas where sufficient location data is 
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collected.  However, future studies can refine environmental variables and collect more location 
data in areas that were lacking in the model of the present study.  This should create a better 
distribution of areas of co-occurrence in the study areas. 
CONCLUSIONS 
1. MaxEnt models were successful in predicting areas of species occurrence and 
co-occurrence. 
2. Co-occurrence predictions were similar to those of each species separately. 
3. Overall predicted occurrences were associated with areas of high percentage deciduous 
forest near water sources in concordance with previous literature. 
4. Association with forested areas may be in relation to den locations. 
5. Co-occurrence models predict areas with lower elevations more likely to find both 
species which was expected, but, within this study, Virginia opossums were found more 
often in higher elevations than raccoons, which was not expected based upon previous 
distribution maps. 
6. Co-occurrence was associated with areas that had less pasture and cropland. 
7. Raccoons have a broader ecological niche than do Virginia opossums. 
8. When the ecological niche models for each species were multiplied, it provided several 
smaller areas with high probability of co-occurrence instead of the smoother maps 
obtained from utilizing co-occurrence localities. 
9. More evenly dispersed data collection would provide better prediction models as well as 
refined environmental variables. 
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Appendix 1:  Individual trap sites (numbered within each grid for trapping grids 1-5 utilized in a 
study of interactions between the Virginia opossum (Didelphis virginiana) and raccoon (Procyon 





















Appendix 2:  Individual trap sites (lines are identified by letters; numbered northwest to 
southeast within each line) utilized in a study of interactions between the Virginia opossum 
(Didelphis virginiana) and raccoon (Procyon lotor) at Edward J. Meeman Biological Station, 



















Appendix 3:  Habitat variables (normalized difference vegetation index or NDVI; slope; 
































1 1 0.18 0.14 0.15 0.21 0.23 0.26 89.97 133.36 
1 2 0.42 0.32 0.22 0.30 0.29 0.13 89.99 146.41 
1 3 0.33 0.24 0.24 0.28 0.13 0.16 90.00 137.71 
1 4 0.26 0.14 0.25 0.34 0.17 0.14 89.98 142.90 
1 5 0.20 0.15 0.12 0.21 0.21 0.26 89.99 133.85 
1 6 0.14 0.17 0.12 0.17 0.16 0.27 89.99 121.55 
1 7 0.21 0.27 0.14 0.29 0.27 0.32 89.99 131.76 
1 8 0.20 0.11 0.15 0.26 0.29 0.32 89.99 134.60 
1 9 0.19 0.15 0.15 0.18 0.21 0.21 89.99 145.80 
1 10 0.37 0.30 0.23 0.32 0.26 0.35 89.98 149.29 
1 11 0.30 0.24 0.25 0.27 0.30 0.26 89.99 144.27 
1 12 0.32 0.22 0.15 0.25 0.25 0.28 89.99 134.32 
1 13 0.24 0.24 0.16 0.21 0.27 0.27 90.00 127.91 
1 14 0.19 0.19 0.10 0.22 0.18 0.27 89.97 121.63 
1 15 0.16 0.24 0.12 0.28 0.22 0.35 89.99 134.64 
1 16 0.27 0.21 0.12 0.23 0.28 0.31 89.99 131.37 
1 17 0.24 0.14 0.15 0.26 0.22 0.33 89.97 152.90 
1 18 0.40 0.28 0.22 0.38 0.10 0.11 89.99 145.79 
1 19 0.12 0.14 0.12 0.18 0.19 0.21 89.99 134.77 
1 20 0.17 0.22 0.13 0.24 0.19 0.26 90.00 136.93 
1 21 0.43 0.26 0.19 0.39 0.11 0.16 90.00 130.54 
1 22 0.18 0.11 0.13 0.19 0.17 0.23 89.97 120.63 
1 23 0.16 0.18 0.13 0.20 0.21 0.27 89.99 126.77 
1 24 0.17 0.15 0.13 0.17 0.20 0.23 89.99 126.14 
1 25 0.45 0.33 0.25 0.32 0.38 0.32 89.99 148.14 
1 26 0.32 0.20 0.17 0.21 0.15 0.18 90.00 140.57 
1 27 0.23 0.20 0.17 0.29 0.20 0.23 90.00 138.63 
1 28 0.19 0.15 0.10 0.21 0.17 0.26 89.99 133.35 
1 29 0.39 0.32 0.20 0.35 0.08 0.12 89.99 137.94 
1 30 0.14 0.16 0.12 0.22 0.12 0.29 89.98 121.79 
1 31 0.14 0.15 0.09 0.19 0.18 0.22 89.98 118.38 
1 32 0.20 0.15 0.10 0.21 0.19 0.27 89.99 118.88 
1 33 0.17 0.16 0.13 0.15 0.23 0.33 89.98 146.58 
1 34 0.16 0.17 0.13 0.19 0.22 0.23 90.00 138.87 
1 35 0.18 0.14 0.12 0.18 0.18 0.23 89.99 138.91 
1 36 0.15 0.11 0.09 0.20 0.17 0.22 89.99 126.37 
1 37 0.19 0.16 0.12 0.21 0.22 0.22 89.96 123.59 
1 38 0.29 0.22 0.16 0.30 0.24 0.32 89.99 127.42 
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1 39 0.35 0.27 0.19 0.38 0.45 0.41 89.95 122.93 
1 40 0.16 0.14 0.10 0.17 0.19 0.24 89.99 118.71 
1 41 0.19 0.17 0.12 0.19 0.19 0.25 90.00 143.86 
1 42 0.18 0.31 0.19 0.23 0.33 0.27 89.97 150.76 
1 43 0.16 0.14 0.10 0.18 0.16 0.23 90.00 140.68 
1 44 0.38 0.32 0.13 0.41 0.40 0.44 89.99 143.72 
1 45 0.29 0.25 0.16 0.29 0.35 0.36 89.99 128.92 
1 46 0.19 0.17 0.09 0.16 0.17 0.25 89.97 120.51 
1 47 0.14 0.11 0.11 0.18 0.15 0.24 89.95 118.24 
1 48 0.40 0.35 0.18 0.38 0.53 0.35 89.94 119.50 
1 49 0.17 0.19 0.10 0.18 0.17 0.23 89.92 147.53 
1 50 0.31 0.25 0.15 0.31 0.33 0.41 89.99 145.86 
1 51 0.21 0.14 0.13 0.19 0.20 0.22 90.00 140.57 
1 52 0.17 0.15 0.07 0.18 0.17 0.21 90.00 127.16 
1 53 0.18 0.14 0.10 0.19 0.20 0.24 89.99 125.70 
1 54 0.20 0.13 0.07 0.21 0.19 0.27 89.97 119.01 
1 55 0.18 0.16 0.08 0.23 0.21 0.23 89.98 117.18 
1 56 0.18 0.15 0.07 0.19 0.21 0.22 89.94 116.77 
1 57 0.14 0.12 0.06 0.18 0.20 0.24 90.00 142.93 
1 58 0.24 0.20 0.09 0.23 0.31 0.27 89.99 146.03 
1 59 0.16 0.13 0.10 0.17 0.17 0.23 90.00 134.97 
1 60 0.16 0.17 0.08 0.20 0.15 0.22 90.00 122.25 
1 61 0.19 0.16 0.04 0.18 0.19 0.22 90.00 118.04 
1 62 0.18 0.12 0.06 0.18 0.16 0.26 89.90 118.47 
1 63 0.18 0.10 0.06 0.14 0.17 0.23 89.96 116.37 
1 64 0.19 0.13 0.04 0.21 0.15 0.27 89.93 114.70 
2 65 0.31 0.29 0.23 0.36 0.35 0.38 89.98 166.39 
2 66 0.28 0.21 0.13 0.33 0.29 0.31 90.00 152.30 
2 67 0.23 0.22 0.18 0.28 0.24 0.30 90.00 154.17 
2 68 0.29 0.26 0.09 0.35 0.40 0.39 89.99 160.21 
2 69 0.22 0.17 0.13 0.21 0.22 0.29 89.99 140.01 
2 70 0.24 0.14 0.17 0.27 0.30 0.28 90.00 139.49 
2 71 0.35 0.18 0.21 0.24 0.32 0.30 90.00 136.89 
2 72 0.25 0.22 0.16 0.21 0.25 0.22 90.00 139.00 
2 73 0.38 0.32 0.17 0.21 0.38 0.38 89.98 165.63 
2 74 0.16 0.17 0.13 0.20 0.18 0.22 90.00 144.34 
2 75 0.32 0.31 0.23 0.34 0.35 0.14 90.00 156.70 
2 76 0.22 0.29 0.17 0.24 0.29 0.28 90.00 150.57 
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2 77 0.26 0.21 0.19 0.28 0.32 0.38 89.99 154.14 
2 78 0.21 0.15 0.12 0.21 0.25 0.24 90.00 137.47 
2 79 0.23 0.16 0.14 0.22 0.31 0.20 90.00 140.21 
2 80 0.15 0.15 0.12 0.19 0.27 0.24 90.00 129.48 
2 81 0.29 0.18 0.16 0.18 0.23 0.23 90.00 152.26 
2 82 0.43 0.39 0.22 0.35 0.33 0.38 89.99 156.11 
2 83 0.12 0.18 0.13 0.21 0.22 0.23 90.00 138.36 
2 84 0.14 0.10 0.10 0.16 0.15 0.26 90.00 147.25 
2 85 0.25 0.20 0.16 0.18 0.26 0.26 90.00 152.96 
2 86 0.22 0.17 0.18 0.29 0.28 0.32 90.00 152.32 
2 87 0.21 0.17 0.14 0.23 0.22 0.24 89.99 151.03 
2 88 0.17 0.14 0.11 0.23 0.21 0.21 89.97 125.93 
2 89 0.17 0.14 0.16 0.18 0.21 0.26 90.00 144.39 
2 90 0.36 0.28 0.21 0.34 0.35 0.37 89.99 155.63 
2 91 0.14 0.15 0.16 0.18 0.22 0.23 90.00 142.10 
2 92 0.16 0.17 0.12 0.21 0.18 0.23 89.99 147.02 
2 93 0.27 0.23 0.13 0.78 0.23 0.33 89.99 156.84 
2 94 0.13 0.12 0.15 0.23 -0.66 0.33 90.00 150.89 
2 95 0.19 0.11 0.14 0.18 0.20 0.21 89.97 133.35 
2 96 0.23 0.16 0.11 0.18 0.16 0.20 89.99 130.23 
2 97 0.17 0.20 0.13 0.23 0.19 0.25 89.99 137.23 
2 98 0.33 0.24 0.18 0.28 0.32 0.34 89.99 152.93 
2 99 0.19 0.15 0.12 0.22 0.18 0.27 90.00 138.23 
2 100 0.14 0.13 0.15 0.17 0.24 0.43 89.99 146.33 
2 101 0.17 0.12 0.11 0.17 0.26 0.42 89.99 147.98 
2 102 0.19 0.17 0.11 0.18 0.33 0.33 89.99 151.18 
2 103 0.16 0.11 0.11 0.16 0.37 0.37 90.00 141.33 
2 104 0.14 0.12 0.10 0.16 0.28 0.38 89.93 141.37 
2 105 0.19 0.16 0.11 0.21 0.20 0.24 90.00 136.23 
2 106 0.35 0.29 0.24 0.36 0.39 0.39 89.99 146.26 
2 107 0.19 0.17 0.13 0.16 0.17 0.23 89.99 146.52 
2 108 0.23 0.24 0.24 0.28 0.25 0.31 89.99 132.77 
2 109 0.38 0.28 0.27 0.33 0.40 0.40 89.99 142.59 
2 110 0.20 0.12 0.11 0.17 0.21 0.26 89.98 137.09 
2 111 0.12 0.09 0.09 0.16 0.32 0.41 89.97 138.30 
2 112 0.15 0.12 0.11 0.16 0.29 0.35 89.99 134.39 
2 113 0.18 0.16 0.14 0.24 0.22 0.33 89.99 142.62 
2 114 0.36 0.22 0.19 0.29 0.29 0.33 90.00 134.25 
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2 115 0.35 0.29 0.25 0.35 0.39 0.40 89.99 135.77 
2 116 0.16 0.10 0.12 0.21 0.20 0.24 89.99 129.48 
2 117 0.33 0.26 0.28 0.35 0.39 0.41 89.99 134.37 
2 118 0.35 0.27 0.24 0.32 0.36 0.38 89.99 132.25 
2 119 0.13 0.11 0.08 0.18 0.30 0.40 89.98 141.32 
2 120 0.15 0.13 0.11 0.24 0.19 0.21 89.99 121.44 
2 121 0.14 0.13 0.14 0.24 0.37 0.47 89.99 140.05 
2 122 0.14 0.16 0.16 0.31 0.28 0.31 89.99 140.84 
2 123 0.19 0.15 0.16 0.21 0.22 0.28 89.99 133.81 
2 124 0.16 0.13 0.14 0.79 0.18 0.26 89.98 125.12 
2 125 0.32 0.23 0.23 0.33 0.28 0.36 90.00 126.44 
2 126 0.33 0.26 0.26 0.32 0.33 0.36 89.99 134.17 
2 127 0.32 0.24 0.21 0.26 0.25 0.30 89.99 124.93 
2 128 0.11 0.12 0.07 0.14 0.16 0.21 89.96 117.72 
3 A1 -0.03 0.04 0.02 0.08 0.19 0.22 89.95 127.58 
3 A2 0.10 0.08 0.05 0.06 0.10 0.17 89.97 127.53 
3 A3 0.13 0.09 0.00 0.08 0.08 0.16 89.95 127.29 
3 A4 0.14 0.09 0.08 0.10 0.07 0.17 89.96 127.77 
3 A5 0.18 0.12 0.09 0.09 0.19 0.23 89.98 127.90 
3 A6 0.07 0.08 0.11 0.14 0.13 0.13 89.97 127.60 
3 A7 0.18 0.13 0.13 0.19 0.19 0.24 89.99 132.74 
3 A8 0.23 0.21 0.15 0.21 0.19 0.30 89.99 137.41 
3 B1 0.14 0.12 0.10 0.20 0.25 0.25 89.99 128.37 
3 B2 0.12 0.19 0.16 0.23 0.29 0.33 89.97 135.55 
3 B3 0.33 0.15 0.17 0.23 0.26 0.27 89.96 134.55 
3 B4 0.34 0.18 0.19 0.26 0.17 0.24 89.95 135.58 
3 B5 0.29 0.16 0.16 0.23 0.13 0.23 89.96 136.99 
3 B6 0.16 0.17 0.12 0.18 0.18 0.25 90.00 136.92 
3 B7 0.29 0.22 0.25 0.36 0.40 0.43 89.97 142.45 
3 B8 0.30 0.19 0.22 0.22 0.28 0.28 89.99 143.13 
3 C1 0.27 0.22 0.17 0.19 0.28 0.30 90.00 128.22 
3 C2 0.14 0.13 0.12 0.17 0.20 0.31 89.97 133.83 
3 C3 0.25 0.11 0.15 0.24 0.11 0.22 89.92 135.51 
3 C4 0.22 0.13 0.16 0.24 0.12 0.24 89.96 134.81 
3 C5 0.18 0.15 0.14 0.24 0.22 0.29 89.98 138.49 
3 C6 0.22 0.10 0.17 0.39 0.14 0.37 89.99 141.01 
3 C7 0.32 0.22 0.15 0.22 0.22 0.28 89.98 144.43 
3 C8 0.32 0.23 0.28 0.35 0.12 0.39 89.96 147.26 
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3 D1 0.12 0.18 0.15 0.15 0.24 0.29 89.92 127.84 
3 D2 0.20 0.13 0.10 0.18 0.23 0.28 89.98 132.69 
3 D3 0.14 0.12 0.16 0.20 0.17 0.24 89.91 134.45 
3 D4 0.20 0.11 0.13 0.21 0.24 0.29 89.98 134.12 
3 D5 0.37 0.36 0.28 0.51 0.52 0.48 89.99 143.13 
3 D6 0.40 0.27 0.12 0.44 0.49 0.45 89.96 146.68 
3 D7 0.34 0.23 0.24 0.39 0.28 0.50 89.93 147.72 
3 D8 0.39 0.23 0.22 0.29 0.18 0.36 89.93 149.14 
3 E1 0.20 0.20 0.13 0.21 0.24 0.30 89.91 126.37 
3 E2 0.19 0.13 0.13 0.20 0.24 0.34 89.92 128.10 
3 E3 0.19 0.18 0.10 0.19 0.21 0.27 89.97 132.56 
3 E4 0.16 0.17 0.09 0.20 0.22 0.30 90.00 134.83 
3 E5 0.16 0.14 0.13 0.29 0.20 0.30 89.99 143.53 
3 E6 0.14 0.14 0.11 0.17 0.21 0.27 89.98 146.18 
3 E7 0.26 0.14 0.22 0.17 0.33 0.57 89.93 150.24 
3 E8 0.16 0.13 0.19 0.16 0.32 0.26 89.96 151.83 
3 F1 0.18 0.22 0.07 0.18 0.19 0.29 89.94 127.09 
3 F2 0.19 0.13 0.09 0.18 0.16 0.21 89.94 127.84 
3 F3 0.16 0.16 0.08 0.13 0.14 0.20 89.91 129.41 
3 F4 0.17 0.14 0.10 0.22 0.22 0.36 89.98 130.67 
3 F5 0.15 0.14 0.07 0.19 0.24 0.28 90.00 137.38 
3 F6 0.12 0.22 0.13 0.31 0.28 0.26 89.97 147.68 
3 F7 0.33 0.16 0.17 0.22 0.32 0.47 89.98 149.08 
3 F8 0.26 0.22 0.16 0.15 0.30 0.62 89.95 153.75 
3 G1 0.22 0.17 0.08 0.15 0.14 0.25 89.83 128.03 
3 G2 0.14 0.13 0.08 0.21 0.24 0.22 89.93 127.67 
3 G3 0.22 0.13 0.11 0.21 0.23 0.32 89.97 128.33 
3 G4 0.16 0.10 0.09 0.17 0.24 0.27 89.99 133.38 
3 G5 0.23 0.19 0.09 0.18 0.24 0.33 89.97 130.44 
3 G6 0.13 0.12 0.07 0.18 0.18 0.35 89.99 137.20 
3 G7 0.14 0.15 0.07 0.20 0.22 0.25 89.96 148.68 
3 G8 0.19 0.14 0.09 0.19 0.22 0.24 90.00 147.36 
3 H1 0.37 0.17 0.09 0.21 0.36 0.41 89.91 128.59 
3 H2 0.32 0.07 0.05 0.07 0.25 0.23 89.95 129.41 
3 H3 0.15 0.16 0.07 0.16 0.20 0.23 89.98 130.52 
3 H4 0.22 0.14 0.08 0.25 0.28 0.33 89.95 140.70 
3 H5 0.16 0.14 0.07 0.22 0.22 0.26 89.99 134.58 
3 H6 0.13 0.18 0.08 0.22 0.21 0.33 89.97 132.37 
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3 H7 0.17 0.16 0.10 0.17 0.24 0.31 89.96 133.28 
3 H8 0.23 0.20 0.13 0.25 0.30 0.36 90.00 143.75 
4 249 0.14 0.13 0.14 0.21 0.20 0.28 90.00 157.63 
4 250 0.19 0.14 0.13 0.21 0.20 0.26 89.98 165.48 
4 251 0.11 0.09 0.18 0.16 0.25 0.24 89.99 164.71 
4 252 0.21 0.07 0.23 0.19 0.21 0.32 89.98 164.69 
4 253 0.34 0.11 0.28 0.19 0.30 0.23 90.00 163.27 
4 254 0.32 0.08 0.14 0.18 0.25 0.22 89.99 171.86 
4 255 0.39 0.06 0.16 0.27 0.27 0.36 90.00 169.33 
4 256 0.25 0.10 0.22 0.24 0.22 0.40 89.95 173.24 
4 257 0.15 0.13 0.14 0.19 0.19 0.26 89.99 151.35 
4 258 0.23 0.17 0.16 0.19 0.28 0.24 89.99 164.76 
4 259 0.19 0.15 0.18 0.25 0.20 0.27 89.99 168.24 
4 260 0.46 0.10 0.19 0.26 0.28 0.34 90.00 161.27 
4 261 0.48 0.07 0.19 0.23 0.25 0.29 89.98 167.63 
4 262 0.25 0.07 0.10 0.10 0.12 0.26 90.00 170.49 
4 263 0.23 0.21 0.21 0.19 0.20 0.23 90.00 166.73 
4 264 0.13 0.10 0.14 0.17 0.17 0.34 89.98 175.23 
4 265 0.13 0.15 0.13 0.19 0.20 0.30 89.99 148.71 
4 266 0.16 0.13 0.17 0.17 0.20 0.27 89.99 146.86 
4 267 0.17 0.16 0.17 0.30 0.27 0.31 89.99 149.96 
4 268 0.28 0.11 0.19 0.20 0.20 0.31 90.00 157.38 
4 269 0.17 0.19 0.09 0.16 0.16 0.19 90.00 161.90 
4 270 0.20 0.14 0.14 0.16 0.21 0.26 89.99 157.07 
4 271 0.16 0.08 0.19 0.25 0.31 0.39 89.98 172.11 
4 272 0.43 0.35 0.35 0.20 0.32 0.38 89.99 163.38 
4 273 0.16 0.14 0.14 0.19 0.20 0.25 89.99 146.56 
4 274 0.16 0.19 0.20 0.19 0.22 0.25 89.98 148.71 
4 275 0.20 0.10 0.15 0.19 0.21 0.27 89.81 146.24 
4 276 0.17 0.18 0.17 0.18 0.25 0.22 90.00 147.69 
4 277 0.17 0.08 0.08 0.16 0.20 0.24 89.99 151.53 
4 278 0.26 0.11 0.21 0.21 0.30 0.19 89.99 155.92 
4 279 0.38 0.32 0.33 0.13 0.19 0.23 89.99 164.13 
4 280 0.19 0.18 0.16 0.16 0.21 0.28 90.00 156.27 
4 281 0.19 0.16 0.17 0.18 0.23 0.26 89.99 145.30 
4 282 0.17 0.15 0.13 0.15 0.22 0.25 89.99 153.45 
4 283 0.12 0.12 0.19 0.21 0.17 0.34 89.99 159.32 
4 284 0.17 0.19 0.16 0.20 0.19 0.27 89.95 147.48 
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4 285 0.27 0.09 0.23 0.31 0.25 0.29 89.98 154.79 
4 286 0.18 0.17 0.21 0.22 0.25 0.30 90.00 156.59 
4 287 0.18 0.13 0.25 0.20 0.32 0.27 89.98 152.91 
4 288 0.29 0.14 0.15 0.18 0.16 0.27 89.99 160.42 
4 289 0.22 0.15 0.19 0.20 0.24 0.26 89.98 148.47 
4 290 0.14 0.24 0.20 0.24 0.28 0.29 89.98 158.48 
4 291 0.26 0.18 0.18 0.32 0.39 0.43 89.96 164.67 
4 292 0.33 0.22 0.28 0.20 0.20 0.28 89.99 160.58 
4 293 0.26 0.08 0.26 0.25 0.25 0.27 90.00 151.04 
4 294 0.38 0.30 0.41 0.37 0.24 0.10 89.99 166.00 
4 295 0.06 0.12 0.29 0.40 0.50 0.39 89.99 157.81 
4 296 0.19 0.23 0.20 0.20 0.23 0.16 89.98 165.02 
4 297 0.17 0.23 0.21 0.27 0.22 0.29 89.99 154.52 
4 298 0.17 0.27 0.29 0.29 0.14 0.28 89.99 163.26 
4 299 0.18 0.14 0.13 0.17 0.17 0.26 89.95 164.93 
4 300 0.14 0.19 0.21 0.17 0.28 0.20 89.98 165.76 
4 301 0.36 0.15 0.22 0.16 0.21 0.15 89.99 153.84 
4 302 0.32 0.35 0.32 0.33 0.22 0.17 89.99 164.58 
4 303 0.36 0.28 0.32 0.30 0.21 0.18 89.97 166.99 
4 304 0.45 0.15 0.33 0.29 0.23 0.42 89.96 171.37 
4 305 0.21 0.16 0.20 0.22 0.23 0.33 89.99 160.42 
4 306 0.24 0.10 0.21 0.20 0.27 0.33 89.96 166.45 
4 307 0.23 0.15 0.21 0.17 0.29 0.26 89.96 164.76 
4 308 0.16 0.13 0.10 0.18 0.24 0.27 89.96 164.96 
4 309 0.30 0.12 0.14 0.12 0.16 0.15 89.98 154.48 
4 310 0.16 0.17 0.17 0.21 0.21 0.33 90.00 159.21 
4 311 0.29 0.15 0.36 0.29 0.25 0.36 89.97 164.26 
4 312 0.54 0.12 0.31 0.39 0.33 0.37 89.97 171.55 
5 313 0.14 0.14 0.17 0.18 0.22 0.22 89.99 158.53 
5 314 0.14 0.13 0.14 0.17 0.20 0.20 89.98 158.68 
5 315 0.16 0.17 0.16 0.18 0.22 0.30 89.50 158.55 
5 316 0.14 0.13 0.16 0.14 0.22 0.30 89.99 162.03 
5 317 0.09 0.07 0.14 0.11 0.14 0.36 89.95 164.58 
5 318 0.23 0.13 0.19 0.10 0.14 0.24 89.97 165.11 
5 319 0.16 0.13 0.17 0.15 0.18 0.28 89.85 164.65 
5 320 -0.27 -0.10 -0.11 -0.03 -0.17 0.14 89.95 163.81 
5 321 0.16 0.13 0.14 0.18 0.19 0.20 90.00 156.51 
5 322 0.15 0.14 0.14 0.18 0.23 0.23 90.00 157.29 
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5 323 0.15 0.10 0.16 0.15 0.29 0.27 89.97 158.84 
5 324 0.19 0.15 0.18 0.13 0.20 0.29 89.97 160.37 
5 325 0.16 0.15 0.15 0.13 0.12 0.19 89.98 164.35 
5 326 0.09 0.09 0.11 0.13 0.17 0.24 89.93 165.56 
5 327 0.18 0.13 0.15 0.14 0.18 0.28 89.98 164.65 
5 328 0.15 0.14 0.19 0.16 0.22 0.21 89.97 164.96 
5 329 0.20 0.12 0.15 0.18 0.24 0.29 89.91 158.56 
5 330 0.20 0.08 0.12 0.22 0.40 0.53 89.98 161.69 
5 331 0.18 0.14 0.19 0.15 0.19 0.38 89.99 160.92 
5 332 0.17 0.16 0.14 0.15 0.22 0.23 90.00 159.77 
5 333 0.11 0.08 0.09 0.11 0.14 0.23 89.98 163.71 
5 334 0.14 0.09 0.16 0.18 0.27 0.24 89.98 166.33 
5 335 0.25 0.17 0.18 0.16 0.27 0.30 89.94 170.94 
5 336 0.18 0.17 0.11 0.15 0.21 0.24 89.96 167.44 
5 337 0.13 0.10 0.13 0.09 0.15 0.22 89.97 163.27 
5 338 0.16 0.11 0.15 0.15 0.22 0.32 89.93 165.15 
5 339 0.07 0.12 0.17 0.17 0.20 0.29 89.87 164.65 
5 340 0.15 0.12 0.16 0.17 0.16 0.23 89.98 161.21 
5 341 0.16 0.17 0.21 0.08 0.15 0.17 89.96 163.35 
5 342 0.17 0.16 0.16 0.20 0.24 0.25 89.97 166.03 
5 343 0.20 0.05 0.13 0.12 0.16 0.19 89.91 167.93 
5 344 0.19 0.07 0.18 0.24 0.18 0.29 89.98 166.35 
5 345 0.18 0.17 0.12 0.14 0.23 0.20 89.98 161.68 
5 346 0.22 0.12 0.18 0.20 0.26 0.30 89.98 163.92 
5 347 0.29 0.02 0.18 0.19 0.15 0.40 89.91 165.59 
5 348 0.18 0.13 0.19 0.16 0.18 0.28 89.97 165.04 
5 349 0.08 0.12 0.13 0.15 0.20 0.27 89.92 164.62 
5 350 0.23 0.08 0.07 0.20 0.17 0.22 89.97 165.53 
5 351 0.17 0.03 0.10 0.15 0.25 0.28 89.95 170.67 
5 352 0.09 0.08 0.13 0.14 0.21 0.27 89.97 169.82 
5 353 0.10 0.11 0.13 0.12 0.20 0.20 89.98 158.55 
5 354 0.21 0.09 0.14 0.19 0.19 0.37 90.00 162.16 
5 355 0.14 0.14 0.12 0.16 0.18 0.23 89.95 165.14 
5 356 0.29 0.10 0.13 0.19 0.22 0.36 89.80 166.41 
5 357 0.11 0.12 0.15 0.22 0.21 0.37 89.96 165.83 
5 358 0.18 0.09 0.12 0.15 0.23 0.34 89.98 167.51 
5 359 0.12 0.12 0.15 0.18 0.18 0.38 89.97 170.18 
5 360 0.13 0.17 0.16 0.18 0.27 0.24 89.95 169.77 
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5 361 0.22 0.17 -0.06 0.18 -0.07 -0.02 89.99 162.56 
5 362 0.13 0.13 0.13 0.17 0.21 0.29 89.96 165.38 
5 363 0.22 0.16 0.27 0.16 0.36 0.28 89.90 164.98 
5 364 0.19 0.10 0.16 0.14 0.18 0.23 89.95 165.08 
5 365 0.17 0.18 0.17 0.13 0.19 0.23 89.95 167.53 
5 366 0.17 0.08 0.15 0.18 0.21 0.25 89.94 169.18 
5 367 0.15 0.07 0.10 0.20 0.20 0.36 89.94 170.85 
5 368 0.23 0.15 0.17 0.23 0.26 0.30 89.98 173.46 
5 369 0.24 0.15 0.13 0.18 0.22 0.27 89.92 165.32 
5 370 0.29 0.25 0.22 0.23 0.39 0.29 89.98 164.16 
5 371 0.17 0.10 0.11 0.17 0.22 0.31 89.97 166.32 
5 372 0.17 0.08 0.15 0.15 0.22 0.36 89.98 167.57 
5 373 0.36 0.14 0.32 0.30 0.39 0.33 89.97 169.19 
5 374 0.15 0.15 0.14 0.18 0.23 0.33 89.97 170.48 
5 375 0.20 0.05 0.12 0.15 0.16 0.26 89.92 170.67 

































Appendix 4:  Habitat variables measured for trap sites at Ames Plantation, Fayette and 


















































1 1 96.09 156.84 947.50 658.73 0.00 947.50 0.00 
1 2 8.70 377.72 898.80 61.52 8.70 898.80 8.70 
1 3 0.00 597.96 969.18 374.50 66.26 968.83 66.26 
1 4 156.60 822.42 1150.41 788.30 0.00 1150.41 0.00 
1 5 382.80 1047.62 522.29 1404.61 0.00 522.29 0.00 
1 6 605.82 1290.54 36.91 1725.26 0.00 36.91 0.00 
1 7 607.76 1160.72 726.33 2070.62 0.00 726.33 0.00 
1 8 382.90 1017.64 330.60 2310.55 0.00 330.60 0.00 
1 9 116.72 327.03 1679.80 544.50 0.00 1680.72 0.00 
1 10 0.00 480.47 1622.15 184.56 8.70 1622.15 8.70 
1 11 17.40 669.39 1675.65 966.05 0.00 1673.41 0.00 
1 12 206.80 886.97 1505.10 1065.71 0.00 1505.10 0.00 
1 13 288.02 1098.30 822.28 1218.31 0.00 822.83 0.00 
1 14 387.61 1167.88 217.50 1676.19 0.00 200.10 0.00 
1 15 478.50 992.75 524.60 1925.04 0.00 540.52 0.00 
1 16 522.94 828.83 694.37 2090.63 0.00 696.00 0.00 
1 17 74.33 544.85 1422.15 408.99 0.00 1428.07 0.00 
1 18 8.70 652.50 1083.46 8.70 92.48 1085.24 92.48 
1 19 0.00 812.88 1151.72 295.80 8.70 1151.72 8.70 
1 20 62.74 991.72 1256.90 321.90 0.00 1256.90 0.00 
1 21 124.57 1186.84 943.62 609.00 121.80 945.38 121.80 
1 22 168.03 1060.12 165.30 996.52 0.00 165.30 0.00 
1 23 304.50 861.12 542.83 1206.29 0.00 541.15 0.00 
1 24 501.89 661.72 509.82 1456.83 0.00 509.82 0.00 
1 25 106.20 735.45 1048.38 992.33 0.00 1056.68 0.00 
1 26 123.65 844.44 381.31 668.60 0.00 386.34 0.00 
1 27 31.37 970.24 454.15 452.40 0.00 454.15 0.00 
1 28 34.80 1126.20 591.73 408.90 0.00 591.73 0.00 
1 29 8.70 1224.35 688.35 61.52 67.95 688.35 67.95 
1 30 17.40 993.02 431.94 320.84 0.00 431.94 0.00 
1 31 196.28 772.29 35.87 445.83 0.00 35.87 0.00 
1 32 429.48 547.82 441.99 809.61 0.00 443.70 0.00 







































1 34 330.14 1052.27 467.54 1366.01 0.00 467.54 0.00 
1 35 238.89 1173.05 218.20 1235.40 0.00 218.20 0.00 
1 36 211.86 1301.31 8.70 942.86 0.00 8.70 0.00 
1 37 139.47 1209.30 0.00 671.03 0.00 0.00 0.00 
1 38 113.10 974.40 292.46 436.91 0.00 292.46 0.00 
1 39 222.32 748.20 541.50 195.51 0.00 541.50 0.00 
1 40 432.65 513.30 116.07 80.21 0.00 116.07 0.00 
1 41 313.20 1166.71 696.00 2384.28 0.00 691.75 0.00 
1 42 539.40 1260.66 1089.59 2096.43 0.00 1093.33 0.00 
1 43 448.45 1357.92 932.36 1966.20 0.00 932.36 0.00 
1 44 433.43 1284.22 741.34 1582.18 0.00 741.34 0.00 
1 45 365.50 1107.40 681.16 1362.32 0.00 681.99 0.00 
1 46 339.30 960.79 34.80 1172.18 0.00 34.80 0.00 
1 47 385.36 781.65 740.93 798.32 0.00 740.93 0.00 
1 48 544.85 557.48 798.55 474.69 0.00 795.33 0.00 
1 49 313.20 1382.10 436.91 3046.50 0.00 435.00 0.00 
1 50 539.40 1462.27 1174.08 2802.21 0.00 1170.47 0.00 
1 51 667.18 1370.96 1665.73 2613.67 0.00 1665.73 0.00 
1 52 647.84 1163.75 1507.61 2314.22 0.00 1507.61 0.00 
1 53 591.86 962.91 797.84 2074.98 0.00 798.32 0.00 
1 54 574.20 781.31 123.04 1800.29 0.00 123.65 0.00 
1 55 597.01 640.09 123.04 1530.61 0.00 123.65 0.00 
1 56 715.15 520.33 210.61 1105.96 0.00 222.83 0.00 
1 57 358.29 1566.10 374.10 3748.37 0.00 374.10 0.00 
1 58 566.77 1522.13 1122.30 3531.86 0.00 1122.30 0.00 
1 59 740.11 1282.92 1098.34 3284.47 0.00 1089.20 0.00 
1 60 704.70 1067.59 922.20 3036.41 0.00 922.20 0.00 
1 61 715.15 851.40 1089.59 2815.11 0.00 1089.59 0.00 
1 62 765.60 643.15 607.01 2462.95 0.00 607.01 0.00 
1 63 783.24 455.40 241.73 2135.54 0.00 243.76 0.00 
1 64 649.24 318.59 66.26 1819.11 0.00 62.74 0.00 
2 65 87.00 2234.56 443.02 12.30 8.70 446.00 8.70 







































2 67 17.40 2318.38 877.36 381.41 0.00 877.36 0.00 
2 68 243.60 2308.52 1042.40 123.04 8.70 1042.40 8.70 
2 69 455.82 2171.66 1435.61 749.01 0.00 1434.97 0.00 
2 70 661.43 1991.24 1093.75 1377.35 0.00 1093.75 0.00 
2 71 527.27 1820.98 341.19 1362.02 8.70 341.19 8.70 
2 72 401.71 1663.16 331.29 620.39 0.00 327.61 0.00 
2 73 154.90 2188.82 730.80 35.87 0.00 713.40 0.00 
2 74 137.56 2411.80 17.40 603.01 0.00 8.70 0.00 
2 75 0.00 2447.30 553.67 946.66 8.70 547.82 8.70 
2 76 136.18 2242.71 1068.26 331.29 0.00 1065.71 0.00 
2 77 371.97 2025.16 1672.14 396.21 0.00 1686.12 0.00 
2 78 580.36 1844.73 1336.09 949.38 0.00 1336.09 0.00 
2 79 370.13 1659.88 667.24 1298.17 0.00 670.58 0.00 
2 80 191.60 1488.74 92.48 520.62 0.00 92.48 0.00 
2 81 195.51 2167.42 991.72 441.73 0.00 993.55 0.00 
2 82 69.60 2393.78 477.79 218.02 0.00 477.79 0.00 
2 83 106.20 2341.09 12.30 878.36 0.00 24.61 0.00 
2 84 179.14 2135.12 595.30 627.00 0.00 610.86 0.00 
2 85 394.20 1918.21 1291.15 89.57 0.00 1291.15 0.00 
2 86 456.73 1722.25 1550.16 502.87 0.00 1550.58 0.00 
2 87 295.93 1517.74 766.39 1198.58 0.00 766.84 0.00 
2 88 70.14 1334.48 34.80 469.24 0.00 34.80 0.00 
2 89 162.53 2170.77 561.67 687.96 0.00 561.67 0.00 
2 90 0.00 2288.91 1011.04 35.87 44.36 1011.04 44.36 
2 91 82.54 2171.73 261.00 781.45 0.00 269.70 0.00 
2 92 305.62 2055.28 460.11 939.60 0.00 460.11 0.00 
2 93 412.68 1830.00 1217.29 156.60 0.00 1217.29 0.00 
2 94 250.95 1614.20 1645.24 419.86 31.37 1647.98 31.37 
2 95 217.50 1404.61 970.20 740.11 0.00 972.92 0.00 
2 96 92.48 1202.62 357.65 464.05 0.00 364.36 0.00 
2 97 210.25 2092.87 8.70 791.89 0.00 8.70 0.00 
2 98 8.70 2072.08 674.18 43.50 34.80 673.11 34.80 







































2 100 270.96 1874.04 469.80 1168.17 61.52 469.80 61.52 
2 101 348.11 1766.53 1227.47 562.21 101.46 1227.04 101.46 
2 102 113.10 1546.77 1854.65 35.87 34.80 1854.65 34.80 
2 103 35.87 1320.85 1439.53 123.04 87.00 1440.37 87.00 
2 104 8.70 1098.72 756.90 583.48 60.90 756.90 60.90 
2 105 60.90 1860.78 80.21 903.21 0.00 80.21 0.00 
2 106 0.00 1837.02 567.17 182.70 66.26 565.50 66.26 
2 107 19.45 1765.16 377.72 565.50 0.00 377.72 0.00 
2 108 49.21 1658.23 183.53 1176.30 0.00 188.21 0.00 
2 109 255.88 1574.15 858.84 1065.71 0.00 858.84 0.00 
2 110 139.20 1499.96 1596.18 783.05 0.00 1598.27 0.00 
2 111 0.00 1262.55 1665.89 147.90 125.47 1680.45 125.47 
2 112 178.51 1039.82 989.36 92.48 43.50 996.90 43.50 
2 113 130.79 1638.05 401.05 759.35 0.00 404.71 0.00 
2 114 0.00 1611.40 142.69 382.21 55.02 168.03 55.02 
2 115 0.00 1581.82 455.24 182.91 74.84 455.24 74.84 
2 116 62.74 1456.02 116.72 948.66 0.00 116.72 0.00 
2 117 253.35 1356.56 801.39 1082.79 0.00 801.39 0.00 
2 118 243.60 1308.85 1454.12 564.16 0.00 1452.67 0.00 
2 119 0.00 1217.16 1353.68 43.50 97.27 1353.68 97.27 
2 120 137.56 988.02 881.45 746.43 0.00 881.45 0.00 
2 121 258.38 1407.92 899.51 413.32 106.20 901.20 106.20 
2 122 147.90 1368.14 498.26 782.03 17.40 498.26 17.40 
2 123 95.70 1378.56 221.47 795.56 0.00 221.47 0.00 
2 124 74.33 1247.50 174.00 1233.38 0.00 174.00 0.00 
2 125 62.74 1141.29 591.60 723.98 0.00 605.39 0.00 
2 126 221.81 1061.61 1282.48 52.20 0.00 1282.48 0.00 
2 127 226.20 1044.00 793.99 513.60 0.00 793.99 0.00 
2 128 307.84 974.40 275.12 1138.10 0.00 276.90 0.00 
3 A1 270.26 58.36 635.34 847.53 0.00 635.34 0.00 
3 A2 191.40 17.40 565.50 641.03 0.00 565.50 0.00 
3 A3 200.29 215.23 461.84 1047.62 0.00 460.69 0.00 







































3 A5 139.20 116.07 552.71 445.40 0.00 650.12 0.00 
3 A6 283.25 270.12 692.13 1010.10 0.00 694.37 0.00 
3 A7 179.14 488.44 1067.27 1578.76 0.00 1072.96 0.00 
3 A8 50.73 691.47 859.94 1915.27 0.00 851.40 0.00 
3 B1 132.51 165.53 770.53 589.68 0.00 769.59 0.00 
3 B2 0.00 184.56 1296.33 8.70 43.50 1296.33 43.50 
3 B3 0.00 284.98 1189.45 482.60 8.70 1188.59 8.70 
3 B4 0.00 287.63 979.51 583.48 31.37 981.25 31.37 
3 B5 8.70 294.39 1139.83 19.45 26.10 1157.59 26.10 
3 B6 110.05 424.52 1456.00 687.30 0.00 1458.13 0.00 
3 B7 52.20 583.61 1587.43 849.75 78.30 1579.95 78.30 
3 B8 8.70 787.53 833.61 1290.68 26.10 825.35 26.10 
3 C1 74.33 409.27 674.01 1077.26 0.00 672.10 0.00 
3 C2 0.00 413.41 1351.30 547.82 8.70 1349.62 8.70 
3 C3 0.00 459.37 1855.22 55.02 67.95 1849.65 67.95 
3 C4 0.00 513.30 1736.95 0.00 34.80 1738.63 34.80 
3 C5 78.30 510.64 1832.38 201.80 0.00 1836.77 0.00 
3 C6 61.52 602.88 2190.92 44.36 0.00 2207.49 0.00 
3 C7 17.40 740.78 1803.08 245.15 0.00 1796.25 0.00 
3 C8 0.00 907.56 1079.12 708.13 114.43 1072.78 114.43 
3 D1 236.67 628.57 289.20 1512.12 0.00 289.20 0.00 
3 D2 67.95 643.62 976.61 722.31 0.00 972.69 0.00 
3 D3 0.00 677.71 1681.69 17.40 8.70 1688.61 8.70 
3 D4 203.10 731.01 1804.32 287.10 0.00 1803.34 0.00 
3 D5 304.50 737.40 1962.15 431.94 0.00 1963.91 0.00 
3 D6 99.20 806.10 2291.69 314.29 0.00 2295.55 0.00 
3 D7 0.00 924.82 2088.09 305.49 46.85 2087.00 46.85 
3 D8 0.00 1070.67 1483.22 284.05 60.90 1474.64 60.90 
3 E1 385.36 866.60 27.51 1686.12 0.00 27.51 0.00 
3 E2 270.26 882.10 687.80 1059.90 0.00 702.17 0.00 
3 E3 232.15 899.30 1122.03 720.05 0.00 1117.20 0.00 
3 E4 337.85 967.62 1028.96 489.83 0.00 1028.40 0.00 







































3 E6 19.45 1025.16 1718.99 234.09 0.00 1722.18 0.00 
3 E7 0.00 1115.54 2149.25 132.51 62.74 2152.28 62.74 
3 E8 8.70 1247.59 1672.14 43.50 0.00 1665.18 0.00 
3 F1 268.58 1095.30 168.92 1688.36 0.00 167.35 0.00 
3 F2 302.00 1106.10 135.90 1302.24 0.00 141.63 0.00 
3 F3 452.48 1143.81 430.80 891.53 0.00 430.63 0.00 
3 F4 525.83 1196.46 278.40 869.87 0.00 278.40 0.00 
3 F5 342.85 1192.66 664.00 871.48 0.00 666.96 0.00 
3 F6 149.68 1237.36 1060.01 396.78 0.00 1062.75 0.00 
3 F7 26.10 1270.47 1477.08 74.33 31.37 1479.15 31.37 
3 F8 0.00 1333.80 1899.01 379.82 118.33 1903.89 118.33 
3 G1 31.37 1333.03 287.10 993.21 0.00 287.10 0.00 
3 G2 123.65 1315.54 299.36 860.07 0.00 294.39 0.00 
3 G3 270.26 1195.74 104.76 273.19 0.00 110.73 0.00 
3 G4 299.99 1077.26 427.98 196.86 0.00 424.25 0.00 
3 G5 355.43 1020.72 17.40 825.35 0.00 19.45 0.00 
3 G6 334.81 1006.87 457.89 992.14 0.00 461.43 0.00 
3 G7 168.03 1063.68 852.11 506.25 0.00 856.76 0.00 
3 G8 144.80 1105.00 1359.68 367.16 0.00 1363.99 0.00 
3 H1 0.00 1264.47 313.20 283.25 73.82 313.20 73.82 
3 H2 0.00 1141.69 969.18 968.87 49.21 968.52 49.21 
3 H3 175.95 979.71 843.32 523.16 0.00 853.35 0.00 
3 H4 70.14 857.82 1027.52 52.20 8.70 1024.72 8.70 
3 H5 165.07 788.40 609.31 678.60 0.00 603.38 0.00 
3 H6 218.20 776.69 208.80 1431.28 0.00 208.80 0.00 
3 H7 264.17 824.44 291.81 1223.98 0.00 295.80 0.00 
3 H8 376.92 857.95 805.91 967.07 0.00 805.91 0.00 
4 249 184.97 1190.60 292.46 1693.49 0.00 295.80 0.00 
4 250 70.14 1313.82 1044.29 1046.10 0.00 1050.68 0.00 
4 251 145.84 1458.62 1239.96 660.86 0.00 1234.30 0.00 
4 252 34.80 1635.35 645.97 280.57 8.70 640.26 8.70 
4 253 26.10 1813.38 172.25 322.84 17.40 166.21 17.40 







































4 255 17.40 2196.21 794.18 204.77 34.80 800.12 34.80 
4 256 0.00 2404.54 1164.66 394.97 27.51 1164.66 27.51 
4 257 135.34 1396.02 156.84 1405.96 0.00 165.30 0.00 
4 258 313.32 1514.42 914.16 759.35 0.00 913.87 0.00 
4 259 331.29 1630.62 756.90 61.52 0.00 750.93 0.00 
4 260 166.21 1790.70 174.00 326.57 36.91 168.92 36.91 
4 261 0.00 1954.40 393.04 43.50 34.80 396.88 34.80 
4 262 43.50 2135.07 890.04 335.71 0.00 893.73 0.00 
4 263 70.14 2321.25 1322.77 455.40 0.00 1316.55 0.00 
4 264 17.40 2517.07 875.64 812.88 62.74 871.61 62.74 
4 265 66.26 1626.34 203.66 949.30 0.00 211.86 0.00 
4 266 196.28 1708.08 179.36 386.34 0.00 176.16 0.00 
4 267 193.17 1829.09 311.50 123.04 0.00 307.59 0.00 
4 268 90.83 1960.67 260.71 26.10 26.10 264.60 26.10 
4 269 60.90 2122.82 830.93 419.95 0.00 830.93 0.00 
4 270 111.41 2279.50 1106.65 961.30 0.00 1109.14 0.00 
4 271 0.00 2375.10 895.09 1228.03 61.52 887.40 61.52 
4 272 63.34 2392.93 240.63 1412.35 0.00 234.09 0.00 
4 273 128.45 1838.32 113.10 209.16 0.00 121.80 0.00 
4 274 43.50 1920.42 417.60 548.38 0.00 417.60 0.00 
4 275 26.10 2026.56 12.30 174.00 0.00 19.45 0.00 
4 276 43.50 2153.19 8.70 117.05 0.00 8.70 0.00 
4 277 43.50 2190.78 156.84 260.71 0.00 159.71 0.00 
4 278 0.00 2158.20 400.77 755.45 31.37 404.71 31.37 
4 279 99.20 2148.90 393.43 1407.28 0.00 388.49 0.00 
4 280 176.16 2159.88 117.05 1921.52 0.00 123.04 0.00 
4 281 92.48 2066.32 55.02 225.87 0.00 50.73 0.00 
4 282 165.07 2129.37 663.77 386.15 0.00 672.33 0.00 
4 283 97.27 2113.38 510.64 332.43 36.91 504.45 36.91 
4 284 27.51 2033.21 49.21 569.77 0.00 55.71 0.00 
4 285 0.00 1962.81 520.33 263.02 43.50 517.34 43.50 
4 286 66.26 1933.08 155.63 393.04 0.00 147.90 0.00 







































4 288 0.00 1934.00 435.78 1272.37 12.30 436.39 12.30 
4 289 283.25 2160.35 243.76 591.66 0.00 250.95 0.00 
4 290 200.86 2026.88 883.34 264.17 0.00 891.02 0.00 
4 291 43.50 1910.93 1027.37 210.25 0.00 1021.20 0.00 
4 292 144.01 1809.54 331.29 929.96 0.00 326.92 0.00 
4 293 0.00 1740.80 82.08 652.09 8.70 89.57 8.70 
4 294 8.70 1699.62 653.95 215.40 78.78 649.24 78.78 
4 295 98.43 1687.80 337.85 246.38 0.00 336.16 0.00 
4 296 61.52 1700.67 276.35 541.71 0.00 276.35 0.00 
4 297 398.40 1994.56 556.39 1237.51 0.00 561.13 0.00 
4 298 182.91 1837.49 1303.29 540.87 0.00 1322.43 0.00 
4 299 26.10 1714.43 1400.94 270.96 60.90 1399.48 60.90 
4 300 0.00 1604.20 866.73 976.77 26.10 910.47 26.10 
4 301 26.10 1524.96 163.46 1187.54 87.00 369.93 87.00 
4 302 17.40 1475.23 529.20 427.98 55.02 576.04 55.02 
4 303 26.10 1461.60 1060.76 157.56 0.00 1059.72 0.00 
4 304 0.00 1476.44 916.15 43.50 110.73 913.46 110.73 
4 305 208.80 1822.98 916.81 1078.80 0.00 922.77 0.00 
4 306 104.76 1669.06 1508.62 331.06 34.80 1516.15 34.80 
4 307 0.00 1519.14 1750.50 308.94 8.70 1742.83 8.70 
4 308 35.87 1401.21 975.68 1059.87 0.00 968.36 0.00 
4 309 0.00 1298.66 236.35 1291.94 38.91 228.86 38.91 
4 310 43.50 1251.50 432.65 671.65 8.70 441.05 8.70 
4 311 8.70 1226.70 1173.08 222.32 61.52 1181.73 61.52 
4 312 0.00 1252.92 857.95 8.70 191.40 850.33 191.40 
5 313 246.38 535.81 260.71 756.90 0.00 266.88 0.00 
5 314 153.92 367.16 363.43 1413.61 0.00 361.86 0.00 
5 315 80.21 287.10 604.32 2122.75 0.00 611.85 0.00 
5 316 148.16 347.67 1310.35 2812.81 0.00 1318.79 0.00 
5 317 17.40 499.63 1082.51 2936.43 0.00 1076.73 0.00 
5 318 0.00 704.92 376.92 2187.60 26.10 371.66 26.10 
5 319 8.70 916.15 390.73 1443.10 38.91 390.73 38.91 







































5 321 99.20 455.40 313.68 530.70 0.00 313.32 0.00 
5 322 90.83 234.26 90.83 1278.90 0.00 82.54 0.00 
5 323 0.00 52.20 381.61 1880.57 26.10 387.61 26.10 
5 324 99.20 200.86 1080.48 2078.59 38.91 1088.89 38.91 
5 325 17.40 420.85 1397.24 2304.51 0.00 1395.61 0.00 
5 326 0.00 646.67 919.61 2113.31 17.40 919.61 17.40 
5 327 27.51 871.57 942.54 1365.23 0.00 942.54 0.00 
5 328 0.00 1097.89 1316.72 619.90 17.40 1323.46 17.40 
5 329 63.34 467.70 980.48 640.26 0.00 972.69 0.00 
5 330 66.26 231.17 405.83 935.40 31.37 401.43 31.37 
5 331 113.10 78.30 558.56 1129.93 52.20 562.35 52.20 
5 332 203.85 198.77 1120.65 1313.35 0.00 1128.49 0.00 
5 333 148.67 416.33 1833.29 1648.62 0.00 1841.63 0.00 
5 334 34.80 639.91 1658.51 1915.98 0.00 1658.51 0.00 
5 335 0.00 882.18 1161.05 1246.05 165.30 1153.69 165.30 
5 336 17.40 1107.67 617.95 500.76 0.00 612.96 0.00 
5 337 0.00 545.33 1185.88 17.40 35.87 1183.74 35.87 
5 338 0.00 379.32 1119.29 217.50 26.10 1117.57 26.10 
5 339 62.74 304.50 1194.47 396.78 0.00 1197.48 0.00 
5 340 203.85 355.11 1594.02 616.23 0.00 1610.82 0.00 
5 341 308.94 516.83 2158.23 1020.87 0.00 2165.32 0.00 
5 342 121.80 712.18 1766.10 1186.39 26.10 1740.00 26.10 
5 343 0.00 921.75 1017.90 1199.02 8.70 1009.20 8.70 
5 344 0.00 1137.71 269.70 494.91 17.40 243.60 17.40 
5 345 87.00 321.90 511.75 159.95 0.00 513.60 0.00 
5 346 104.76 379.03 549.20 219.58 0.00 554.89 0.00 
5 347 17.40 530.70 1129.83 321.90 0.00 1133.34 0.00 
5 348 26.10 561.27 1444.36 55.71 12.30 1447.99 12.30 
5 349 99.20 675.30 1787.99 321.90 0.00 1791.97 0.00 
5 350 61.52 822.09 1890.30 440.53 0.00 1882.10 0.00 
5 351 0.00 1019.09 1199.24 469.80 62.74 1192.00 62.74 
5 352 0.00 1222.00 691.47 450.56 69.60 688.35 69.60 







































5 354 113.10 209.16 135.90 866.25 0.00 141.63 0.00 
5 355 19.45 405.55 526.62 993.67 8.70 527.84 8.70 
5 356 49.21 618.25 743.63 611.98 34.80 747.85 34.80 
5 357 17.40 841.21 1060.76 87.00 0.00 1061.86 0.00 
5 358 34.80 1000.31 1312.52 185.99 0.00 1312.52 0.00 
5 359 0.00 1153.17 1734.79 270.96 78.30 1729.62 78.30 
5 360 60.90 1337.09 1455.40 243.60 0.00 1453.71 0.00 
5 361 70.14 0.00 895.72 541.36 34.80 894.58 34.80 
5 362 17.40 151.94 522.00 408.90 0.00 516.83 0.00 
5 363 78.78 379.03 226.87 752.14 0.00 226.87 0.00 
5 364 52.20 612.04 193.17 791.70 0.00 200.29 0.00 
5 365 43.50 837.42 286.97 43.50 38.91 286.97 38.91 
5 366 43.50 1063.15 869.65 455.82 0.00 869.65 0.00 
5 367 0.00 1289.04 1587.60 802.15 34.80 1587.60 34.80 
5 368 17.40 1478.28 2176.62 416.33 0.00 2175.49 0.00 
5 369 89.57 226.20 1516.15 126.67 46.85 1511.82 46.85 
5 370 110.73 308.57 1116.89 303.01 17.40 1113.19 17.40 
5 371 0.00 471.57 862.66 194.54 52.92 856.90 52.92 
5 372 0.00 669.22 542.83 560.12 52.20 541.92 52.20 
5 373 17.40 874.95 472.69 24.61 55.02 472.69 55.02 
5 374 34.80 1093.47 937.02 722.31 0.00 937.02 0.00 
5 375 71.74 1327.71 1656.66 762.63 0.00 1656.66 0.00 























Appendix 5:  Habitat variables measured (site area percentages) for trap sites at Ames Plantation, 










































































































































































1 1 0.00 0.00 86.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.72 0.00 
1 2 13.56 0.00 69.98 0.00 0.00 4.53 0.59 0.00 10.82 0.00 0.00 0.53 0.00 
1 3 18.80 0.00 36.20 0.00 0.00 8.99 23.03 0.00 4.50 0.00 0.00 8.49 0.00 
1 4 11.96 0.00 44.64 0.00 0.00 0.00 5.06 0.00 13.14 0.00 0.00 25.21 0.00 
1 5 14.66 0.00 76.43 0.00 0.00 0.00 0.00 0.00 8.91 0.00 0.00 0.00 0.00 
1 6 19.89 0.00 53.08 0.00 0.00 0.00 0.00 0.00 21.64 0.00 0.00 5.40 0.00 
1 7 19.89 0.00 53.08 0.00 0.00 0.00 0.00 0.00 21.64 0.00 0.00 5.40 0.00 
1 8 9.45 0.00 4.05 0.00 0.00 0.00 0.00 0.00 22.57 0.00 0.00 63.93 0.00 
1 9 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 10 15.60 0.00 31.91 0.00 0.00 13.09 13.88 0.00 25.52 0.00 0.00 0.00 0.00 
1 11 32.74 0.00 0.04 0.00 0.00 0.00 50.48 0.00 13.11 0.00 0.00 3.63 0.00 
1 12 0.00 0.00 50.50 0.00 0.00 0.00 3.32 0.00 39.27 0.00 0.00 6.91 0.00 
1 13 0.00 0.00 42.15 0.00 0.00 0.00 0.00 0.00 56.37 0.00 0.00 1.48 0.00 
1 14 4.80 0.00 77.39 0.00 0.00 0.00 0.00 0.00 1.17 0.00 0.00 0.00 16.64 
1 15 4.80 0.00 77.39 0.00 0.00 0.00 0.00 0.00 1.17 0.00 0.00 0.00 16.64 
1 16 43.26 0.00 30.84 0.00 0.00 0.00 0.00 0.00 18.91 0.00 0.00 6.99 0.00 
1 17 15.23 0.00 16.61 0.00 0.00 20.99 20.24 0.00 8.51 0.00 0.00 18.43 0.00 
1 18 15.23 0.00 16.61 0.00 0.00 20.99 20.24 0.00 8.51 0.00 0.00 18.43 0.00 
1 19 6.26 0.00 7.05 0.00 0.00 2.79 83.26 0.00 0.63 0.00 0.00 0.00 0.00 
1 20 0.00 0.00 94.80 0.00 0.00 0.00 2.17 0.00 1.64 0.00 0.00 1.40 0.00 
1 21 0.00 0.00 27.03 0.00 0.00 0.00 1.04 0.00 12.86 0.00 0.00 59.08 0.00 
1 22 0.43 0.00 63.28 0.00 0.00 0.00 0.00 0.00 3.49 0.00 0.00 0.00 32.81 
1 23 0.43 0.00 63.28 0.00 0.00 0.00 0.00 0.00 3.49 0.00 0.00 0.00 32.81 
1 24 21.36 0.00 60.24 0.00 0.00 0.00 0.00 0.00 16.58 0.00 0.00 1.83 0.00 
1 25 74.66 0.00 7.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.11 0.00 
1 26 34.56 0.00 19.25 0.00 0.00 0.00 0.42 0.00 0.00 0.00 0.00 45.77 0.00 
1 27 0.00 0.00 30.83 0.00 0.00 0.00 29.68 0.00 0.00 0.00 0.00 39.49 0.00 
1 28 0.00 0.00 24.87 0.00 0.00 0.00 71.95 0.00 0.00 0.00 0.00 3.18 0.00 
1 29 0.00 0.00 20.09 0.00 0.00 0.00 51.46 0.00 0.00 0.00 0.00 28.45 0.00 
1 30 0.00 0.00 62.14 0.00 0.00 0.00 0.00 0.00 11.78 0.00 0.00 0.00 26.08 
1 31 0.00 0.00 62.14 0.00 0.00 0.00 0.00 0.00 11.78 0.00 0.00 0.00 26.08 
1 32 0.00 0.00 72.32 0.00 0.00 0.00 0.00 0.00 13.13 0.00 0.00 0.00 14.56 
































































































































































1 34 9.22 0.00 84.50 0.00 0.00 0.00 0.00 0.00 6.19 0.00 0.00 0.09 0.00 
1 35 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 36 0.00 0.00 99.95 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
1 37 3.26 0.00 89.04 0.00 0.00 0.00 4.78 0.00 2.92 0.00 0.00 0.00 0.00 
1 38 29.66 0.00 35.86 0.00 0.00 0.00 3.32 0.00 28.19 0.00 0.00 0.00 2.97 
1 39 29.66 0.00 35.86 0.00 0.00 0.00 3.32 0.00 28.19 0.00 0.00 0.00 2.97 
1 40 5.79 0.00 68.56 0.00 0.00 0.39 0.00 0.00 0.00 0.00 0.00 0.00 25.27 
1 41 9.96 0.00 82.09 0.00 0.00 0.00 0.00 0.00 7.95 0.00 0.00 0.00 0.00 
1 42 9.96 0.00 82.09 0.00 0.00 0.00 0.00 0.00 7.95 0.00 0.00 0.00 0.00 
1 43 22.94 0.00 62.93 0.00 0.00 0.00 0.00 0.00 14.13 0.00 0.00 0.00 0.00 
1 44 8.47 0.00 63.15 0.00 0.00 0.00 0.00 0.00 28.39 0.00 0.00 0.00 0.00 
1 45 62.33 0.00 13.73 0.00 0.00 0.00 0.00 0.00 23.95 0.00 0.00 0.00 0.00 
1 46 27.60 0.00 43.71 0.00 0.00 0.00 0.00 0.00 16.58 0.00 0.00 0.00 12.11 
1 47 27.60 0.00 43.71 0.00 0.00 0.00 0.00 0.00 16.58 0.00 0.00 0.00 12.11 
1 48 70.70 0.00 12.71 0.00 0.00 0.22 0.00 0.00 16.36 0.00 0.00 0.00 0.00 
1 49 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 50 14.22 0.00 80.07 0.00 0.00 0.00 0.00 0.00 5.71 0.00 0.00 0.00 0.00 
1 51 36.16 0.00 41.29 0.00 0.00 0.00 0.00 0.00 22.55 0.00 0.00 0.00 0.00 
1 52 0.82 0.00 95.12 0.00 0.00 0.00 0.00 0.00 4.06 0.00 0.00 0.00 0.00 
1 53 12.44 0.00 47.82 0.00 0.00 0.00 0.00 0.00 39.74 0.00 0.00 0.00 0.00 
1 54 29.48 0.00 4.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 65.94 
1 55 29.48 0.00 4.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 65.94 
1 56 48.11 0.00 19.85 0.00 0.00 0.00 0.00 0.00 1.83 0.00 0.00 0.00 30.22 
1 57 2.37 0.00 87.51 0.00 0.00 0.00 0.00 0.00 6.19 0.00 0.00 3.93 0.00 
1 58 2.37 0.00 87.51 0.00 0.00 0.00 0.00 0.00 6.19 0.00 0.00 3.93 0.00 
1 59 1.17 0.00 95.29 0.00 0.00 0.00 0.00 0.00 3.54 0.00 0.00 0.00 0.00 
1 60 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 61 13.32 0.00 86.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 62 0.00 0.00 30.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.75 63.66 
1 63 0.00 0.00 30.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.75 63.66 
1 64 0.00 0.00 16.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.96 70.48 
2 65 35.16 0.00 43.87 0.00 0.00 17.02 0.00 0.00 3.43 0.00 0.00 0.53 0.00 
































































































































































2 67 31.35 0.00 23.15 0.00 0.00 2.22 0.00 0.00 30.55 0.00 12.74 0.00 0.00 
2 68 46.45 0.00 13.49 0.00 0.00 14.33 0.00 0.00 19.41 0.00 0.00 6.33 0.00 
2 69 6.26 0.00 76.62 0.00 0.00 0.00 0.00 0.00 9.55 0.00 0.00 7.57 0.00 
2 70 0.00 0.00 95.47 0.00 0.00 0.00 0.00 0.00 0.43 0.00 0.00 4.11 0.00 
2 71 0.00 0.00 65.51 0.00 0.00 0.00 0.00 0.00 15.25 0.00 0.00 19.24 0.00 
2 72 0.00 0.00 41.49 0.00 0.00 0.82 0.00 0.00 0.40 0.00 0.00 57.29 0.00 
2 73 21.24 0.00 36.93 0.00 0.00 2.36 0.00 0.00 39.47 0.00 0.00 0.00 0.00 
2 74 5.27 0.00 77.15 0.00 0.00 0.00 0.00 0.00 16.39 0.00 1.18 0.00 0.00 
2 75 39.37 0.00 35.90 0.00 0.00 0.00 0.00 0.00 5.35 0.00 19.38 0.00 0.00 
2 76 33.53 0.00 47.19 0.00 0.00 0.00 0.00 0.00 19.28 0.00 0.00 0.00 0.00 
2 77 44.96 0.00 39.83 0.00 0.00 0.00 0.00 0.00 15.21 0.00 0.00 0.00 0.00 
2 78 0.00 0.00 89.19 0.00 0.00 0.00 0.00 0.00 10.81 0.00 0.00 0.00 0.00 
2 79 0.00 0.00 98.95 0.00 0.00 0.00 0.00 0.00 1.05 0.00 0.00 0.00 0.00 
2 80 22.16 1.65 48.08 0.00 0.00 6.45 0.00 0.00 15.17 0.00 0.04 6.46 0.00 
2 81 10.44 0.00 40.17 0.00 0.00 0.00 5.00 0.00 19.51 0.00 0.00 24.87 0.00 
2 82 18.62 0.00 39.31 0.00 0.00 0.00 10.17 0.00 14.85 0.00 0.00 17.05 0.00 
2 83 15.50 0.00 81.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.36 0.00 
2 84 20.56 0.00 46.98 0.00 0.00 0.00 0.00 0.00 14.24 0.00 0.00 18.23 0.00 
2 85 13.78 0.00 51.74 0.00 0.00 13.00 0.00 0.00 1.12 0.00 0.00 20.35 0.00 
2 86 18.59 0.00 52.61 0.00 0.00 0.00 0.00 0.00 13.66 0.00 0.00 15.14 0.00 
2 87 0.00 0.00 81.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.67 0.00 
2 88 0.00 25.57 48.54 0.00 0.00 13.04 0.00 0.00 3.59 0.00 7.08 1.09 1.09 
2 89 12.52 0.00 59.83 0.00 0.00 0.00 2.66 0.00 9.64 0.00 0.00 15.36 0.00 
2 90 9.68 0.00 33.19 0.00 0.00 7.33 47.86 0.00 1.09 0.00 0.00 0.85 0.00 
2 91 3.32 0.00 95.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.53 0.00 
2 92 0.00 0.00 77.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.87 0.00 
2 93 0.00 0.00 22.83 0.00 0.00 19.38 0.00 0.00 0.00 0.00 0.00 57.79 0.00 
2 94 0.00 0.00 49.19 0.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00 47.24 0.00 
2 95 0.00 0.00 74.55 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 25.29 0.00 
2 96 0.00 0.00 83.03 0.00 0.00 0.67 0.00 0.00 5.23 0.00 0.02 1.89 9.16 
2 97 0.00 0.00 76.01 0.00 0.00 0.00 0.00 0.00 12.00 0.00 0.00 11.99 0.00 
2 98 0.00 0.00 25.22 0.00 0.00 9.69 53.07 0.00 1.09 0.00 0.00 10.93 0.00 
































































































































































2 100 0.59 0.00 17.31 0.00 0.00 0.00 0.00 0.00 13.98 0.00 0.00 68.12 0.00 
2 101 2.72 0.00 0.00 0.00 0.00 0.03 0.00 0.00 14.46 0.00 0.00 82.80 0.00 
2 102 0.00 0.00 11.34 0.00 0.00 14.02 12.00 0.00 1.61 0.00 0.00 61.03 0.00 
2 103 0.00 0.00 0.00 0.00 0.00 25.06 20.79 0.00 0.00 0.00 0.00 54.14 0.00 
2 104 0.00 0.00 43.85 0.00 0.00 11.11 4.50 0.00 1.83 0.00 0.00 38.72 0.00 
2 105 0.00 0.00 70.45 0.00 0.00 0.00 29.55 0.00 0.00 0.00 0.00 0.00 0.00 
2 106 0.00 0.00 0.11 0.00 0.00 0.00 99.88 0.00 0.00 0.00 0.00 0.00 0.00 
2 107 0.00 0.00 40.59 0.00 0.00 0.00 55.36 0.00 4.05 0.00 0.00 0.00 0.00 
2 108 26.98 0.00 15.33 0.00 0.00 0.00 7.54 0.00 50.14 0.00 0.00 0.00 0.00 
2 109 76.39 0.00 6.93 0.00 0.00 0.00 0.00 0.00 16.68 0.00 0.00 0.00 0.00 
2 110 7.21 0.00 41.37 0.00 0.00 0.00 4.09 0.00 20.81 0.00 0.00 26.53 0.00 
2 111 0.00 0.00 2.92 0.00 0.00 14.95 20.35 0.00 0.00 0.00 0.00 61.78 0.00 
2 112 0.00 0.00 35.48 0.00 0.00 8.73 0.00 0.00 8.55 0.00 0.00 47.25 0.00 
2 113 0.00 0.00 38.00 0.00 0.00 0.00 7.76 0.00 0.00 0.00 0.00 54.24 0.00 
2 114 0.00 0.00 31.73 0.00 0.00 0.00 52.47 0.00 10.21 0.00 0.00 5.59 0.00 
2 115 0.00 0.00 18.21 0.00 0.00 0.00 65.71 0.00 16.08 0.00 0.00 0.00 0.00 
2 116 56.33 0.00 13.73 0.00 0.00 0.00 0.19 0.00 29.75 0.00 0.00 0.00 0.00 
2 117 51.23 0.00 8.51 0.00 0.00 0.00 0.00 0.00 40.26 0.00 0.00 0.00 0.00 
2 118 38.28 0.00 14.84 0.00 0.00 10.72 0.00 0.00 26.49 0.00 0.00 9.67 0.00 
2 119 0.53 0.00 37.81 0.00 0.00 6.24 4.63 0.00 7.21 0.00 0.00 43.57 0.00 
2 120 0.00 0.00 49.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 49.84 
2 121 7.86 0.00 18.13 0.00 0.00 12.29 0.00 0.00 2.69 0.00 0.00 59.02 0.00 
2 122 15.52 0.00 30.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 54.31 0.00 
2 123 1.61 0.00 70.03 0.00 0.00 0.00 0.00 0.00 23.34 0.00 0.00 5.02 0.00 
2 124 13.69 0.00 10.97 0.00 0.00 0.00 0.00 0.00 23.77 0.00 27.84 0.00 23.72 
2 125 53.28 0.00 7.90 0.00 0.00 0.00 0.00 0.00 19.45 0.00 14.41 0.00 4.96 
2 126 48.24 0.00 3.31 0.00 0.00 5.77 0.00 0.00 42.69 0.00 0.00 0.00 0.00 
2 127 3.93 0.00 16.35 0.00 0.00 0.00 0.00 0.00 51.85 0.00 0.00 0.00 27.87 
2 128 0.00 0.00 0.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.24 
3 A1 0.00 0.00 10.17 0.00 0.00 0.00 0.00 14.26 7.33 7.46 0.00 0.00 60.79 
3 A2 0.00 0.00 21.99 0.00 0.00 0.00 0.00 6.16 7.75 7.86 0.00 0.00 56.25 
3 A3 0.00 0.00 32.15 0.00 0.00 0.00 0.00 0.00 16.95 0.00 0.00 0.00 50.89 
































































































































































3 A5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.45 0.00 2.23 0.00 0.00 93.32 
3 A6 0.00 0.00 16.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 83.09 
3 A7 0.00 0.00 73.04 0.00 0.00 0.00 0.00 0.00 13.96 0.00 0.00 0.00 13.00 
3 A8 0.00 23.16 39.87 0.00 0.00 8.92 0.00 0.00 25.12 0.00 0.00 0.00 2.93 
3 B1 0.00 0.00 15.78 0.00 0.00 0.00 0.00 0.00 11.64 0.00 0.00 0.00 72.58 
3 B2 0.00 42.15 10.46 0.00 0.00 7.41 0.00 0.00 7.32 0.00 0.00 0.00 32.66 
3 B3 0.00 43.00 6.41 0.00 0.00 16.26 0.00 0.00 8.81 0.00 0.00 0.00 25.51 
3 B4 0.00 24.03 16.97 0.00 0.00 17.04 0.00 0.00 8.39 0.00 0.00 15.53 18.03 
3 B5 0.00 24.19 52.19 0.00 0.00 10.11 0.00 0.00 0.00 0.00 0.00 0.00 13.51 
3 B6 0.00 0.00 89.43 0.00 0.00 0.00 0.00 0.00 6.89 0.00 0.00 1.74 1.94 
3 B7 0.00 0.00 23.81 0.00 0.00 0.00 0.00 0.00 9.85 0.00 17.04 49.29 0.00 
3 B8 0.00 10.87 18.19 0.00 0.00 9.29 0.00 0.00 0.89 0.00 37.57 23.19 0.00 
3 C1 0.00 1.18 21.77 0.00 0.00 0.00 0.00 0.00 21.07 0.00 0.00 10.12 45.86 
3 C2 0.00 22.24 46.80 0.00 0.00 0.00 0.00 0.00 6.16 0.00 8.63 1.83 14.34 
3 C3 0.00 69.37 0.00 0.00 0.00 5.34 0.00 0.00 0.00 0.00 18.59 6.68 0.02 
3 C4 0.00 19.12 6.93 0.00 0.00 27.74 0.00 0.00 0.52 0.00 0.00 0.00 45.69 
3 C5 0.00 25.03 32.67 0.00 0.00 25.91 0.00 0.00 0.00 0.00 12.64 1.58 2.17 
3 C6 0.00 0.00 25.29 0.00 0.00 14.74 0.00 0.00 0.00 0.00 31.67 0.04 28.25 
3 C7 3.26 0.00 25.49 0.00 0.00 17.67 0.00 0.00 0.05 0.00 22.78 25.73 5.02 
3 C8 0.00 6.70 0.53 0.00 0.00 7.04 0.00 0.00 0.00 0.00 79.03 6.70 0.00 
3 D1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 
3 D2 0.00 15.84 31.41 0.00 0.00 0.07 0.00 0.00 25.51 0.00 0.00 11.30 15.87 
3 D3 0.00 0.00 41.26 0.00 0.00 2.81 0.00 0.00 15.40 0.00 0.00 0.00 40.53 
3 D4 0.00 0.00 41.26 0.00 0.00 2.81 0.00 0.00 15.40 0.00 0.00 0.00 40.53 
3 D5 31.31 0.00 36.62 0.00 0.00 9.30 0.00 0.00 2.74 0.00 0.00 9.72 10.30 
3 D6 46.73 0.00 16.96 0.00 0.00 7.77 0.00 0.00 0.00 0.00 0.00 24.39 4.16 
3 D7 33.96 2.57 1.21 0.00 0.00 7.26 0.00 0.00 0.00 0.00 28.00 26.99 0.00 
3 D8 0.00 25.27 0.52 0.00 0.00 19.75 0.00 0.00 0.00 0.00 47.00 3.93 3.53 
3 E1 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.89 
3 E2 0.00 0.00 23.75 0.00 0.00 0.00 0.00 0.00 1.75 0.00 0.00 0.00 74.50 
3 E3 0.00 0.00 69.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 30.62 
3 E4 22.89 0.00 58.50 0.00 0.00 2.31 0.00 0.00 15.93 0.00 0.00 0.00 0.36 
































































































































































3 E6 0.00 23.72 26.77 0.00 0.00 13.68 0.00 0.00 0.00 0.00 0.00 15.58 20.24 
3 E7 0.00 75.16 8.60 3.36 0.00 11.83 0.00 0.00 0.00 0.00 0.00 1.05 0.00 
3 E8 0.00 28.10 5.79 0.00 0.00 36.32 0.00 0.00 0.00 0.00 12.12 16.49 1.18 
3 F1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 
3 F2 0.00 0.00 2.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 97.67 
3 F3 1.18 0.00 24.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 73.92 
3 F4 0.00 0.00 73.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 26.38 
3 F5 0.00 0.00 94.68 0.00 0.00 0.00 0.00 0.00 5.32 0.00 0.00 0.00 0.00 
3 F6 0.00 4.05 47.27 0.00 0.00 12.59 0.00 0.00 24.12 0.00 0.00 0.00 11.96 
3 F7 0.00 40.07 17.33 14.27 0.00 20.44 0.00 0.00 0.00 0.00 0.00 0.00 7.89 
3 F8 0.00 53.37 22.03 2.79 0.00 21.77 0.00 0.00 0.00 0.00 0.04 0.00 0.00 
3 G1 0.00 0.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.98 0.00 86.42 
3 G2 0.00 1.06 4.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.19 0.00 86.78 
3 G3 0.00 0.00 15.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 84.31 
3 G4 6.21 0.00 42.75 0.00 0.00 17.67 0.00 0.00 24.52 0.00 0.00 0.00 8.85 
3 G5 0.00 0.00 85.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.47 
3 G6 0.00 0.00 87.58 0.00 0.00 0.00 0.00 0.00 8.03 0.00 0.00 0.00 4.39 
3 G7 0.00 0.00 95.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.02 
3 G8 0.00 0.00 96.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.78 0.00 
3 H1 0.00 7.42 22.43 0.00 0.00 12.16 0.00 0.00 0.00 0.00 40.87 0.00 17.13 
3 H2 0.00 19.71 12.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 64.43 0.00 3.62 
3 H3 0.00 0.00 24.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 75.20 
3 H4 0.11 3.53 70.10 0.00 0.00 18.01 0.00 0.00 5.23 0.00 0.00 0.00 3.03 
3 H5 3.86 0.00 42.72 0.00 0.00 0.00 0.00 0.00 36.06 0.00 0.00 0.00 17.37 
3 H6 0.00 0.00 74.11 0.00 0.00 0.00 0.00 0.00 13.39 0.00 0.00 0.00 12.50 
3 H7 0.00 0.00 78.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 21.04 
3 H8 0.00 0.00 70.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.83 19.56 
4 249 0.00 1.18 98.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 250 0.00 38.43 61.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 251 0.00 10.40 55.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 34.28 0.00 
4 252 0.00 1.35 16.76 0.00 0.00 0.00 36.48 0.00 0.00 0.00 0.00 45.41 0.00 
4 253 0.00 3.94 18.61 0.00 0.00 0.00 20.14 0.00 0.00 0.00 0.00 57.31 0.00 
































































































































































4 255 0.00 20.46 13.10 0.00 0.00 0.00 9.71 0.00 0.00 0.00 1.09 55.64 0.00 
4 256 0.00 63.42 5.43 0.00 0.00 0.00 10.94 0.00 0.00 0.00 0.00 20.21 0.00 
4 257 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 258 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 259 0.00 0.00 87.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.09 0.00 
4 260 0.00 0.00 24.46 0.00 0.00 0.00 0.43 0.00 0.00 0.00 0.00 75.12 0.00 
4 261 0.00 8.59 32.47 0.00 0.00 0.00 0.80 0.00 0.00 0.00 0.00 58.14 0.00 
4 262 0.00 30.80 10.66 0.00 0.00 0.00 8.03 0.00 0.00 0.00 17.10 33.42 0.00 
4 263 0.00 6.97 53.50 0.00 0.00 0.00 0.00 0.00 2.22 0.00 10.74 26.57 0.00 
4 264 0.00 25.65 43.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 30.58 0.61 
4 265 0.00 6.68 83.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.94 
4 266 0.00 0.00 98.80 0.00 0.00 1.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 267 0.00 0.00 51.91 0.00 0.00 26.05 0.00 0.00 0.00 0.00 0.00 8.66 13.37 
4 268 0.00 0.00 49.91 0.00 0.00 11.69 2.35 0.00 0.00 0.00 0.00 36.05 0.00 
4 269 0.00 41.00 25.25 0.00 0.00 0.00 4.45 0.00 1.65 0.00 0.00 27.64 0.00 
4 270 0.00 11.50 55.99 0.00 0.00 0.00 0.00 0.00 1.65 0.00 0.00 30.85 0.00 
4 271 0.00 27.77 37.24 0.00 0.00 0.00 0.00 0.00 16.49 0.00 0.00 18.49 0.00 
4 272 36.32 16.89 16.04 0.00 0.00 0.00 0.00 0.00 6.18 0.00 0.00 24.57 0.00 
4 273 0.00 0.00 69.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 30.56 
4 274 0.00 9.98 50.89 0.00 0.00 8.04 0.00 0.00 10.07 0.00 0.00 0.00 21.02 
4 275 0.00 11.41 12.00 0.00 0.00 19.70 0.00 0.00 0.00 0.00 5.58 1.83 49.48 
4 276 0.00 2.15 71.61 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 24.44 1.66 
4 277 0.00 4.01 37.11 0.00 0.00 0.00 0.00 0.00 13.78 0.00 1.48 43.63 0.00 
4 278 15.44 19.70 26.31 0.00 0.00 0.00 0.00 0.00 10.13 0.00 11.24 17.19 0.00 
4 279 46.46 8.09 18.15 0.00 0.00 0.00 0.00 0.00 7.98 0.00 0.00 19.33 0.00 
4 280 17.93 0.02 66.15 0.00 0.00 0.00 0.00 0.00 12.58 0.00 0.00 3.33 0.00 
4 281 0.00 0.00 71.65 0.00 0.00 5.42 6.72 0.00 0.00 0.00 0.00 13.47 2.74 
4 282 0.00 5.46 63.98 0.00 0.00 0.16 0.00 0.00 3.54 0.00 0.00 26.86 0.00 
4 283 0.00 10.71 30.66 0.00 0.00 19.28 0.00 0.00 0.00 0.00 2.97 33.45 2.93 
4 284 0.00 44.27 33.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.08 0.00 0.00 
4 285 2.31 49.59 28.42 0.00 0.00 0.00 0.00 0.00 8.45 0.00 2.53 8.69 0.00 
4 286 7.76 2.99 49.64 0.00 0.00 0.00 0.00 0.00 1.09 0.00 29.11 9.42 0.00 
































































































































































4 288 9.84 22.40 52.11 0.00 0.00 0.00 0.00 0.00 8.63 0.00 0.00 7.03 0.00 
4 289 0.00 0.00 70.85 0.00 0.00 1.99 0.00 0.00 11.87 0.00 0.00 2.81 12.48 
4 290 11.81 0.00 40.62 0.00 0.00 11.71 0.00 0.00 12.36 0.00 0.00 23.50 0.00 
4 291 6.89 0.00 19.05 0.00 0.00 23.78 0.00 0.00 12.97 0.00 0.00 27.11 10.21 
4 292 4.93 4.88 75.07 0.00 0.00 0.00 0.00 0.00 15.13 0.00 0.00 0.00 0.00 
4 293 6.87 45.83 25.07 0.00 0.00 0.00 0.00 0.00 14.27 0.00 0.00 7.96 0.00 
4 294 20.44 0.00 5.33 0.00 0.00 0.00 39.16 0.00 0.00 0.00 0.00 35.07 0.00 
4 295 17.96 18.76 32.37 0.00 0.00 0.00 4.98 0.00 1.14 0.00 0.00 19.73 5.06 
4 296 8.98 31.84 43.73 0.00 0.00 0.00 0.00 0.00 12.14 0.00 0.00 3.31 0.00 
4 297 14.40 0.00 57.13 0.00 0.00 0.00 0.00 0.00 21.57 0.00 0.00 0.00 6.90 
4 298 24.19 0.00 2.34 0.00 0.00 0.00 0.00 0.00 72.39 0.00 0.00 1.09 0.00 
4 299 7.82 0.00 0.00 0.00 0.00 14.79 0.00 0.00 11.95 0.00 32.85 32.60 0.00 
4 300 1.75 0.00 38.50 0.00 0.00 0.00 0.00 0.00 22.26 0.00 20.55 16.93 0.00 
4 301 0.67 9.21 24.02 0.00 0.00 0.00 0.00 0.00 0.61 0.00 13.86 51.63 0.00 
4 302 1.12 1.09 0.00 0.00 0.00 0.00 1.88 0.00 10.15 0.00 9.09 76.66 0.00 
4 303 6.99 0.00 0.00 0.00 0.00 0.00 27.14 0.00 23.37 0.00 17.49 22.09 2.92 
4 304 8.55 0.00 0.02 0.00 0.00 0.00 0.00 0.00 20.02 0.00 70.88 0.00 0.53 
4 305 24.16 0.00 19.74 0.00 0.00 0.00 0.00 0.00 44.59 0.00 0.00 11.50 0.00 
4 306 13.45 0.00 4.30 0.00 0.00 7.12 0.00 0.00 26.01 0.00 0.61 48.52 0.00 
4 307 0.00 0.00 35.85 0.00 0.00 14.95 0.00 0.00 4.29 0.00 32.48 0.52 11.91 
4 308 0.00 0.00 54.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00 45.27 0.00 0.00 
4 309 0.00 0.00 38.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00 27.57 33.60 0.00 
4 310 0.00 0.00 27.29 0.00 0.00 0.00 0.00 0.00 4.63 0.00 31.21 36.87 0.00 
4 311 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 93.34 6.66 0.00 
4 312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00 
5 313 0.00 0.00 99.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.00 
5 314 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 315 0.00 11.77 53.99 0.00 0.00 0.00 0.00 0.00 0.61 0.00 0.00 20.79 12.84 
5 316 0.00 21.83 58.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.84 5.19 
5 317 0.00 21.83 58.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.84 5.19 
5 318 0.43 51.35 22.09 0.00 0.00 0.00 0.00 0.00 2.97 0.00 0.00 18.15 5.02 
5 319 31.45 1.21 23.69 0.00 0.00 0.00 0.00 0.00 4.45 0.00 1.22 37.98 0.00 
































































































































































5 321 0.00 0.00 71.00 0.00 0.00 10.16 0.00 0.00 0.00 0.00 8.85 0.00 9.99 
5 322 0.00 0.00 93.19 0.00 0.00 0.00 0.00 0.00 6.81 0.00 0.00 0.00 0.00 
5 323 0.00 14.30 79.46 0.00 0.00 0.00 0.00 5.06 0.00 0.00 0.00 0.00 1.18 
5 324 0.00 0.00 52.23 0.00 0.00 0.00 11.77 0.00 0.00 0.00 0.00 36.00 0.00 
5 325 0.00 0.00 52.23 0.00 0.00 0.00 11.77 0.00 0.00 0.00 0.00 36.00 0.00 
5 326 0.00 24.86 58.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.47 4.96 
5 327 0.00 9.21 46.95 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.74 39.10 0.00 
5 328 6.37 16.64 27.69 0.00 0.00 5.87 3.27 0.00 4.54 0.00 0.00 18.05 17.56 
5 329 0.00 1.05 35.66 0.00 0.00 12.36 0.00 0.00 0.00 0.00 26.92 4.96 19.06 
5 330 0.00 37.43 27.11 0.00 0.00 13.00 0.00 0.00 0.00 0.00 0.00 6.32 16.15 
5 331 0.00 5.18 61.24 0.00 0.00 0.00 0.00 5.15 0.00 4.70 0.00 23.72 0.00 
5 332 0.00 0.00 60.00 0.00 0.00 0.00 3.54 0.00 0.00 0.00 0.00 35.37 1.09 
5 333 0.00 0.00 60.00 0.00 0.00 0.00 3.54 0.00 0.00 0.00 0.00 35.37 1.09 
5 334 0.00 11.02 56.42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 27.32 5.25 
5 335 0.00 64.29 9.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 26.47 0.00 
5 336 18.61 0.00 29.87 0.00 0.00 14.74 0.05 0.00 2.79 0.00 0.00 33.94 0.00 
5 337 0.00 24.22 15.20 12.96 0.00 13.04 0.00 0.00 0.00 0.00 14.51 10.96 9.12 
5 338 0.00 12.12 56.00 7.33 0.00 7.43 0.00 0.00 0.00 0.00 6.91 1.71 8.51 
5 339 0.00 0.00 77.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.52 6.46 
5 340 0.00 0.00 34.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 65.35 
5 341 0.00 0.00 34.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 65.35 
5 342 0.00 0.00 52.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.46 36.88 
5 343 0.00 41.59 11.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 45.11 1.56 
5 344 0.00 80.61 17.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.19 0.00 
5 345 0.00 23.17 22.70 0.00 0.00 26.07 0.00 0.00 0.00 0.00 10.12 7.13 10.82 
5 346 0.00 0.00 40.64 1.18 0.00 24.38 0.00 0.00 0.00 0.00 25.90 0.00 7.90 
5 347 0.00 33.25 37.89 0.00 0.00 20.44 0.00 0.00 0.00 0.00 0.00 0.00 8.41 
5 348 0.00 0.00 36.56 0.00 0.00 8.77 0.00 0.00 0.00 0.00 0.00 0.00 54.67 
5 349 0.00 0.00 36.56 0.00 0.00 8.77 0.00 0.00 0.00 0.00 0.00 0.00 54.67 
5 350 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 98.00 
5 351 0.00 28.38 11.91 0.00 0.00 0.00 13.56 0.00 0.00 0.00 10.83 9.53 25.78 
5 352 8.11 11.22 30.12 0.00 0.00 13.04 0.00 0.00 9.98 0.00 5.02 20.86 1.65 
































































































































































5 354 0.00 0.00 53.64 0.00 0.00 0.12 0.00 0.00 0.00 0.00 13.56 32.67 0.00 
5 355 0.00 35.04 31.51 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 18.25 15.19 
5 356 6.81 49.08 1.09 0.00 0.00 8.96 3.26 0.00 0.00 0.00 0.00 11.86 18.94 
5 357 6.81 49.08 1.09 0.00 0.00 8.96 3.26 0.00 0.00 0.00 0.00 11.86 18.94 
5 358 0.00 28.34 15.40 0.00 0.00 26.41 0.00 0.00 0.00 0.00 0.00 2.88 26.98 
5 359 0.00 4.50 0.86 0.00 0.00 22.55 22.54 13.13 0.00 0.00 2.42 12.29 21.71 
5 360 0.00 15.63 0.00 15.35 0.00 2.79 6.76 12.39 0.00 0.00 14.83 0.04 32.20 
5 361 0.00 0.00 39.85 0.00 0.00 1.20 0.00 0.00 0.00 18.36 2.53 38.06 0.00 
5 362 15.31 28.13 13.74 0.00 0.00 0.52 0.00 0.00 0.00 8.87 8.43 25.00 0.00 
5 363 0.00 2.74 44.96 0.00 0.00 0.00 3.53 0.00 0.00 0.00 0.00 25.55 23.22 
5 364 0.00 1.23 16.75 0.00 0.00 0.32 13.63 0.00 0.00 0.00 0.00 66.19 1.89 
5 365 0.00 1.23 16.75 0.00 0.00 0.32 13.63 0.00 0.00 0.00 0.00 66.19 1.89 
5 366 0.00 48.06 14.30 0.00 0.00 13.34 0.00 0.00 0.00 0.00 0.00 0.00 24.30 
5 367 0.00 46.85 18.21 0.00 0.00 4.63 1.45 0.00 0.00 0.00 0.00 9.87 18.99 
5 368 0.00 14.86 7.78 4.02 0.00 9.03 0.00 0.00 9.68 0.00 37.18 15.00 2.44 
5 369 0.00 0.00 24.36 0.00 0.00 16.95 19.64 0.00 0.00 0.00 0.00 39.05 0.00 
5 370 8.41 17.89 10.70 0.00 0.00 24.47 0.00 0.00 16.96 0.00 0.00 21.57 0.00 
5 371 0.00 19.96 22.55 0.00 0.00 23.04 0.00 0.00 1.61 0.00 0.00 27.08 5.76 
5 372 0.00 55.83 24.93 0.00 0.00 6.91 0.00 0.00 0.00 0.00 0.00 8.03 4.30 
5 373 0.00 55.83 24.93 0.00 0.00 6.91 0.00 0.00 0.00 0.00 0.00 8.03 4.30 
5 374 0.00 75.35 0.00 0.00 0.00 6.13 0.00 2.80 0.00 0.00 0.00 3.27 12.45 
5 375 0.00 0.42 4.71 0.00 0.00 0.00 0.00 41.15 0.00 0.00 0.00 8.63 45.09 























Appendix 6:  Habitat variables (normalized difference vegetation index = NDVI; slope; 


































A1 0.11 0.11 0.05 0.12 0.08 0.13 89.98 122.17 
A2 0.07 0.16 0.09 0.14 0.16 0.16 89.97 105.27 
A3 0.10 0.03 0.08 0.06 0.08 0.09 90.00 108.19 
A4 0.14 0.13 0.10 0.10 0.15 0.15 89.99 120.53 
A5 0.28 0.16 0.28 0.25 0.22 0.18 90.00 119.86 
A6 0.21 0.12 0.11 0.19 0.18 0.13 89.99 101.21 
A7 0.13 0.12 0.10 0.11 0.14 0.16 90.00 103.81 
A8 0.13 0.14 0.11 0.18 0.13 0.18 90.00 111.30 
A9 0.14 0.14 0.08 0.19 0.16 0.13 89.99 96.61 
A10 0.17 0.18 0.14 0.14 0.15 0.15 90.00 104.35 
B1 0.30 0.15 0.06 0.13 0.15 0.14 89.99 116.54 
B2 0.10 0.18 0.09 0.16 0.15 0.15 89.99 116.96 
B3 0.17 0.14 0.10 0.11 0.18 0.12 90.00 107.12 
B4 -0.03 0.14 0.08 0.12 0.10 0.09 90.00 109.45 
B5 0.12 0.16 0.14 0.15 0.16 0.19 89.99 119.28 
B6 0.26 0.15 0.15 0.14 0.22 0.12 89.98 119.71 
B7 0.25 0.09 0.15 0.13 0.10 0.13 90.00 116.53 
B8 0.13 0.10 0.05 0.11 0.15 0.14 90.00 112.25 
B9 0.15 0.15 0.12 0.17 0.14 0.19 89.97 113.05 
B10 0.12 0.09 0.09 0.11 0.10 0.09 90.00 106.06 
C1 0.17 0.12 0.05 0.16 0.14 0.12 90.00 110.65 
C2 0.16 0.16 0.08 0.09 0.14 0.12 89.99 104.59 
C3 0.21 0.18 0.12 0.14 0.19 0.17 90.00 102.51 
C4 0.18 0.14 0.09 0.17 0.17 0.17 89.99 110.76 
C5 0.20 0.17 0.12 0.14 0.15 0.13 90.00 114.42 
C6 0.16 0.16 0.10 0.15 0.14 0.13 89.99 115.00 
C7 0.13 0.10 0.07 0.14 0.16 0.13 90.00 104.96 
C8 0.18 0.17 0.13 0.17 0.16 0.12 90.00 105.33 
C9 0.15 0.08 0.08 0.09 0.09 0.13 89.98 110.08 
C10 0.20 0.17 0.14 0.08 0.17 0.15 90.00 97.99 
D1 0.14 0.12 0.05 0.13 0.16 0.19 89.99 106.62 
D2 0.19 0.15 0.09 0.15 0.17 0.15 89.98 120.12 
D3 0.19 0.14 0.07 0.16 0.13 0.11 90.00 110.00 
D4 0.17 0.15 0.13 0.14 0.15 0.15 90.00 105.38 
D5 0.14 0.15 0.14 0.20 0.13 0.17 89.99 99.88 




















D7 0.14 0.14 0.07 0.12 0.16 0.16 90.00 99.69 
D8 0.19 0.16 0.13 0.17 0.16 0.17 89.99 101.97 
D9 0.30 0.21 0.12 0.20 0.17 0.17 89.98 95.57 
D10 0.22 0.15 0.16 0.17 0.21 0.20 89.99 94.81 
E1 0.17 0.16 0.15 0.21 0.19 0.22 90.00 118.13 
E2 0.12 0.15 0.09 0.12 0.14 0.15 90.00 111.01 
E3 0.18 0.17 0.13 0.14 0.17 0.17 89.97 103.61 
E4 0.15 0.13 0.12 0.19 0.16 0.19 90.00 105.44 
E5 0.21 0.18 0.12 0.14 0.12 0.16 90.00 111.20 
E6 0.11 0.17 0.10 0.17 0.17 0.17 90.00 99.60 
E7 0.16 0.08 0.08 0.14 0.12 0.16 89.99 98.63 
E8 0.17 0.12 0.12 0.11 0.17 0.14 90.00 102.87 
E9 0.14 0.08 0.05 0.09 0.13 0.13 90.00 101.89 



































Appendix 7:  Habitat variables measured for trap sites at Edward J. Meeman Biological Station, 






































A1 150.19 780.34 6301.36 289.59 0.00 6338.68 
A2 78.30 795.52 6723.98 652.21 0.00 6758.56 
A3 0.00 835.61 7152.57 405.55 8.70 7184.35 
A4 129.34 895.72 7627.36 87.00 0.00 7657.01 
A5 74.33 828.15 8079.73 316.21 12.30 8106.65 
A6 123.65 687.80 7951.44 852.60 0.00 7951.44 
A7 93.70 614.75 7690.15 1215.76 0.00 7690.15 
A8 140.28 569.30 7449.30 1608.54 0.00 7449.30 
A9 130.50 492.30 7060.20 2173.61 0.00 7060.20 
A10 89.57 437.17 6835.17 2077.28 0.00 6835.17 
B1 304.50 599.99 6612.10 313.68 0.00 6655.55 
B2 234.26 609.06 7031.63 700.34 0.00 7072.29 
B3 163.46 673.28 7441.57 812.41 0.00 7478.89 
B4 121.80 778.15 8049.77 278.94 0.00 8083.61 
B5 38.91 856.37 8349.59 187.40 0.00 8381.21 
B6 8.70 848.33 8439.04 677.71 26.10 8439.04 
B7 0.00 760.09 8124.72 1110.47 12.30 8124.72 
B8 87.00 696.49 7794.19 1631.15 8.70 7794.19 
B9 8.70 634.39 7470.36 2074.11 0.00 7470.36 
B10 52.20 569.30 7236.83 1676.28 0.00 7236.83 
C1 387.61 464.05 6888.52 580.56 0.00 6935.65 
C2 296.95 535.53 7186.06 873.82 0.00 7228.91 
C3 323.31 557.41 7779.77 1068.37 0.00 7820.88 
C4 211.86 674.01 8149.86 607.01 0.00 8187.16 
C5 175.08 761.74 8586.49 590.83 0.00 8621.74 
C6 98.43 759.35 8774.26 902.46 0.00 8774.26 
C7 121.80 737.09 8465.28 1370.63 0.00 8465.28 
C8 139.20 740.78 8186.16 1751.45 0.00 8186.16 
C9 0.00 688.18 7858.68 1730.58 8.70 7858.68 
C10 78.30 647.84 7604.46 1375.59 0.00 7604.46 
D1 342.85 241.73 7362.66 186.80 0.00 7415.35 
D2 507.29 311.26 7737.36 549.48 0.00 7786.04 
D3 443.70 396.88 8069.67 809.15 0.00 8115.20 



























D5 326.92 643.86 8894.72 1080.52 0.00 8934.75 
D6 258.38 592.94 9233.91 1065.71 0.00 9233.91 
D7 259.55 572.15 8957.34 1244.13 0.00 8957.34 
D8 220.09 619.41 8579.31 1264.65 8.70 8579.31 
D9 167.35 530.70 8331.71 1141.82 17.40 8331.71 
D10 182.70 500.76 8102.82 1092.64 0.00 8102.82 
E1 369.21 109.01 7653.40 182.91 8.70 7709.05 
E2 435.78 186.19 7998.94 167.35 0.00 8051.00 
E3 323.78 308.94 8376.33 400.30 0.00 8424.70 
E4 269.70 443.70 8693.29 544.85 0.00 8738.69 
E5 231.66 548.38 9120.63 719.58 8.70 9163.17 
E6 319.90 491.69 9466.36 758.70 0.00 9466.36 
E7 363.32 459.70 9252.78 926.83 0.00 9252.78 
E8 340.30 486.03 8984.64 819.14 8.70 8984.64 
E9 253.65 412.22 8750.54 709.89 0.00 8750.54 






























Appendix 8:  Habitat variables measured (site area percentages) for trap sites at Edward J. 































A1 0.00 0.00 93.39 0.00 0.00 0.00 0.00 5.95 0.00 
A2 0.80 1.51 68.26 0.00 0.00 0.00 0.00 29.43 0.00 
A3 0.00 11.67 71.57 0.00 0.00 0.00 0.00 16.76 0.00 
A4 0.00 0.00 92.25 0.00 0.00 0.00 0.00 7.75 0.00 
A5 0.00 0.00 29.68 0.00 10.56 0.00 0.00 59.76 0.00 
A6 13.78 0.00 49.34 0.00 36.88 0.00 0.00 0.00 0.00 
A7 2.92 0.00 97.08 0.00 0.00 0.00 0.00 0.00 0.00 
A8 0.00 0.00 93.51 0.00 0.00 0.00 0.00 6.49 0.00 
A9 0.00 0.00 90.07 0.00 0.00 0.00 0.00 9.93 0.00 
A10 0.00 0.00 92.07 0.00 0.00 0.00 0.00 7.55 0.00 
B1 11.65 0.00 75.78 0.00 0.00 0.00 0.00 12.57 0.00 
B2 25.16 0.00 21.74 0.00 16.49 0.00 0.00 36.62 0.00 
B3 0.00 0.00 98.51 0.00 0.00 0.00 0.00 1.49 0.00 
B4 0.00 0.00 91.24 0.00 0.00 0.00 0.00 8.76 0.00 
B5 0.00 0.00 76.64 0.00 0.00 0.00 2.07 21.28 0.00 
B6 0.00 0.00 45.98 0.00 0.00 0.00 12.90 41.11 0.00 
B7 10.56 0.00 60.24 0.00 0.00 0.00 29.20 0.00 0.00 
B8 0.00 0.00 80.16 0.00 0.00 0.00 0.00 19.84 0.00 
B9 0.00 0.00 81.95 0.00 0.00 0.00 0.00 18.05 0.00 
B10 0.00 0.00 51.43 0.00 0.00 0.00 0.00 47.60 0.00 
C1 16.84 0.00 83.16 0.00 0.00 0.00 0.00 0.00 0.00 
C2 16.18 0.00 47.20 0.00 34.51 0.00 0.00 2.11 0.00 
C3 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 
C4 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 
C5 0.00 0.00 95.51 0.00 0.00 0.00 0.00 4.49 0.00 
C6 0.00 0.00 80.83 0.00 7.49 0.00 0.00 11.68 0.00 
C7 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 
C8 19.22 0.00 61.27 0.00 0.00 0.00 0.00 19.51 0.00 
C9 0.00 0.00 62.56 0.00 0.00 0.00 33.55 3.88 0.00 
C10 0.00 0.00 82.94 0.00 0.00 0.00 15.55 1.51 0.00 
D1 0.00 0.00 73.54 1.83 24.62 0.00 0.00 0.00 0.00 
D2 0.00 0.00 57.34 0.00 37.73 0.00 0.00 4.93 0.00 
D3 0.00 0.00 49.64 0.00 37.13 0.00 0.00 13.22 0.00 
D4 0.00 0.00 33.63 0.00 35.56 0.00 0.00 30.81 0.00 
D5 0.00 0.00 78.39 0.00 0.00 0.00 0.00 21.61 0.00 


















D7 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 
D8 0.00 0.00 60.08 0.00 0.00 0.00 0.00 39.92 0.00 
D9 0.00 0.00 81.94 0.00 0.00 0.00 0.00 18.06 0.00 
D10 0.00 0.00 79.14 0.00 0.00 0.00 0.00 20.86 0.00 
E1 0.00 0.00 54.11 8.40 0.00 0.00 0.00 37.49 0.00 
E2 0.00 0.00 43.21 45.31 11.49 0.00 0.00 0.00 0.00 
E3 0.00 0.00 7.17 0.00 70.23 0.00 0.00 22.61 0.00 
E4 0.00 0.00 83.85 0.00 13.48 0.00 0.00 2.66 0.00 
E5 0.00 0.00 79.33 0.00 0.00 0.00 0.00 20.67 0.00 
E6 0.00 0.00 71.83 0.00 0.00 0.00 0.00 28.17 0.00 
E7 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 
E8 0.00 0.00 63.14 0.00 0.00 0.00 0.00 36.81 0.00 
E9 0.00 0.00 97.57 0.00 0.00 0.00 0.00 0.00 0.00 



































Appendix 9:  Differential capture success at Ames Plantation, Fayette and Hardeman counties, 
Tennessee, for Virginia opossums and raccoons by grid and trap site for 2000-2005 combined.  

















Grid Trap location Opossum Raccoon 
1 1 0.02 0.02 
1 2 0.00 0.02 
1 3 0.00 0.02 
1 4 0.00 0.02 
1 5 0.00 0.01 
1 6 0.01 0.00 
1 7 0.00 0.01 
1 8 0.01 0.00 
1 9 0.01 0.03 
1 10 0.01 0.01 
1 11 0.01 0.01 
1 12 0.01 0.03 
1 13 0.00 0.02 
1 14 0.01 0.01 
1 15 0.01 0.01 
1 16 0.01 0.02 
1 17 0.01 0.01 
1 18 0.01 0.01 
1 19 0.00 0.00 
1 20 0.01 0.01 
1 21 0.01 0.01 
1 22 0.02 0.00 
1 23 0.01 0.01 
1 24 0.00 0.02 
1 25 0.02 0.01 
1 26 0.01 0.01 
1 27 0.01 0.01 
1 28 0.01 0.01 
1 29 0.00 0.00 
1 30 0.01 0.01 
1 31 0.00 0.02 
1 32 0.01 0.03 
1 33 0.01 0.01 
1 34 0.02 0.01 
1 35 0.02 0.01 
1 36 0.00 0.01 
1 37 0.00 0.01 
1 38 0.00 0.00 
98 
 
Grid Trap location Opossum Raccoon 
1 39 0.01 0.01 
1 40 0.01 0.03 
1 41 0.02 0.01 
1 42 0.01 0.00 
1 43 0.01 0.02 
1 44 0.01 0.00 
1 45 0.01 0.01 
1 46 0.01 0.01 
1 47 0.00 0.01 
1 48 0.00 0.01 
1 49 0.01 0.01 
1 50 0.04 0.01 
1 51 0.01 0.01 
1 52 0.01 0.01 
1 53 0.01 0.01 
1 54 0.01 0.00 
1 55 0.01 0.01 
1 56 0.01 0.01 
1 57 0.04 0.02 
1 58 0.05 0.02 
1 59 0.02 0.01 
1 60 0.01 0.01 
1 61 0.01 0.01 
1 62 0.02 0.01 
1 63 0.00 0.01 
1 64 0.03 0.00 
2 65 0.01 0.00 
2 66 0.00 0.00 
2 67 0.01 0.00 
2 68 0.01 0.01 
2 69 0.00 0.00 
2 70 0.01 0.00 
2 71 0.00 0.00 
2 72 0.01 0.03 
2 73 0.00 0.01 
2 74 0.00 0.03 
2 75 0.00 0.01 
2 76 0.00 0.01 
99 
 
Grid Trap location Opossum Raccoon 
2 77 0.00 0.00 
2 78 0.00 0.00 
2 79 0.01 0.00 
2 80 0.00 0.00 
2 81 0.00 0.01 
2 82 0.00 0.01 
2 83 0.00 0.02 
2 84 0.01 0.01 
2 85 0.01 0.00 
2 86 0.02 0.00 
2 87 0.01 0.01 
2 88 0.01 0.01 
2 89 0.00 0.01 
2 90 0.01 0.02 
2 91 0.00 0.00 
2 92 0.01 0.01 
2 93 0.00 0.00 
2 94 0.00 0.00 
2 95 0.01 0.01 
2 96 0.01 0.00 
2 97 0.00 0.01 
2 98 0.01 0.02 
2 99 0.00 0.01 
2 100 0.01 0.00 
2 101 0.01 0.00 
2 102 0.00 0.00 
2 103 0.01 0.00 
2 104 0.00 0.00 
2 105 0.00 0.00 
2 106 0.00 0.00 
2 107 0.00 0.00 
2 108 0.01 0.00 
2 109 0.01 0.00 
2 110 0.01 0.01 
2 111 0.00 0.00 
2 112 0.00 0.00 
2 113 0.00 0.00 
2 114 0.01 0.01 
100 
 
Grid Trap location Opossum Raccoon 
2 115 0.01 0.01 
2 116 0.01 0.00 
2 117 0.03 0.01 
2 118 0.00 0.01 
2 119 0.01 0.01 
2 120 0.02 0.00 
2 121 0.00 0.00 
2 122 0.00 0.00 
2 123 0.01 0.00 
2 124 0.00 0.00 
2 125 0.01 0.00 
2 126 0.01 0.00 
2 127 0.04 0.01 
2 128 0.01 0.02 
3 A1 0.00 0.03 
3 A2 0.00 0.03 
3 A3 0.01 0.06 
3 A4 0.00 0.04 
3 A5 0.02 0.01 
3 A6 0.02 0.01 
3 A7 0.02 0.01 
3 A8 0.03 0.02 
3 B1 0.01 0.01 
3 B2 0.00 0.00 
3 B3 0.00 0.04 
3 B4 0.00 0.00 
3 B5 0.00 0.00 
3 B6 0.02 0.01 
3 B7 0.00 0.00 
3 B8 0.01 0.03 
3 C1 0.01 0.01 
3 C2 0.00 0.01 
3 C3 0.00 0.00 
3 C4 0.01 0.01 
3 C5 0.01 0.01 
3 C6 0.01 0.00 
3 C7 0.00 0.02 
3 C8 0.00 0.00 
101 
 
Grid Trap location Opossum Raccoon 
3 D1 0.02 0.01 
3 D2 0.02 0.01 
3 D3 0.00 0.01 
3 D4 0.00 0.03 
3 D5 0.01 0.01 
3 D6 0.00 0.00 
3 D7 0.00 0.00 
3 D8 0.00 0.00 
3 E1 0.01 0.01 
3 E2 0.01 0.00 
3 E3 0.03 0.01 
3 E4 0.01 0.01 
3 E5 0.00 0.02 
3 E6 0.00 0.01 
3 E7 0.00 0.00 
3 E8 0.01 0.01 
3 F1 0.01 0.00 
3 F2 0.02 0.01 
3 F3 0.03 0.01 
3 F4 0.01 0.00 
3 F5 0.01 0.01 
3 F6 0.01 0.01 
3 F7 0.00 0.00 
3 F8 0.00 0.01 
3 G1 0.01 0.01 
3 G2 0.01 0.02 
3 G3 0.02 0.00 
3 G4 0.02 0.01 
3 G5 0.01 0.01 
3 G6 0.01 0.00 
3 G7 0.01 0.01 
3 G8 0.00 0.00 
3 H1 0.00 0.00 
3 H2 0.00 0.00 
3 H3 0.03 0.01 
3 H4 0.03 0.01 
3 H5 0.00 0.00 
3 H6 0.03 0.01 
102 
 
Grid Trap location Opossum Raccoon 
3 H7 0.00 0.00 
3 H8 0.02 0.00 
4 249 0.06 0.00 
4 250 0.03 0.00 
4 251 0.02 0.01 
4 252 0.01 0.01 
4 253 0.01 0.00 
4 254 0.00 0.00 
4 255 0.01 0.01 
4 256 0.00 0.00 
4 257 0.01 0.01 
4 258 0.02 0.01 
4 259 0.03 0.01 
4 260 0.00 0.02 
4 261 0.00 0.00 
4 262 0.02 0.02 
4 263 0.01 0.01 
4 264 0.00 0.00 
4 265 0.02 0.01 
4 266 0.01 0.00 
4 267 0.00 0.01 
4 268 0.00 0.00 
4 269 0.01 0.00 
4 270 0.01 0.01 
4 271 0.01 0.01 
4 272 0.02 0.01 
4 273 0.02 0.02 
4 274 0.01 0.01 
4 275 0.01 0.01 
4 276 0.01 0.02 
4 277 0.02 0.05 
4 278 0.01 0.01 
4 279 0.01 0.01 
4 280 0.05 0.03 
4 281 0.05 0.01 
4 282 0.04 0.02 
4 283 0.00 0.00 
4 284 0.04 0.01 
103 
 
Grid Trap location Opossum Raccoon 
4 285 0.00 0.02 
4 286 0.02 0.02 
4 287 0.00 0.01 
4 288 0.01 0.02 
4 289 0.02 0.04 
4 290 0.01 0.02 
4 291 0.00 0.01 
4 292 0.07 0.03 
4 293 0.01 0.01 
4 294 0.02 0.02 
4 295 0.01 0.02 
4 296 0.02 0.04 
4 297 0.01 0.02 
4 298 0.00 0.00 
4 299 0.01 0.01 
4 300 0.00 0.01 
4 301 0.00 0.01 
4 302 0.01 0.01 
4 303 0.01 0.01 
4 304 0.00 0.00 
4 305 0.02 0.02 
4 306 0.00 0.01 
4 307 0.01 0.01 
4 308 0.01 0.01 
4 309 0.01 0.00 
4 310 0.03 0.04 
4 311 0.01 0.01 
4 312 0.00 0.00 
5 313 0.06 0.01 
5 314 0.02 0.00 
5 315 0.04 0.00 
5 316 0.04 0.01 
5 317 0.07 0.00 
5 318 0.00 0.00 
5 319 0.06 0.00 
5 320 0.01 0.02 
5 321 0.07 0.01 
5 322 0.04 0.01 
104 
 
Grid Trap location Opossum Raccoon 
5 323 0.01 0.01 
5 324 0.00 0.00 
5 325 0.02 0.00 
5 326 0.02 0.00 
5 327 0.04 0.00 
5 328 0.02 0.00 
5 329 0.05 0.01 
5 330 0.02 0.00 
5 331 0.01 0.00 
5 332 0.05 0.00 
5 333 0.03 0.00 
5 334 0.01 0.00 
5 335 0.04 0.00 
5 336 0.04 0.01 
5 337 0.03 0.00 
5 338 0.03 0.00 
5 339 0.03 0.01 
5 340 0.03 0.01 
5 341 0.02 0.00 
5 342 0.02 0.01 
5 343 0.02 0.01 
5 344 0.01 0.01 
5 345 0.02 0.02 
5 346 0.09 0.02 
5 347 0.02 0.00 
5 348 0.00 0.00 
5 349 0.04 0.01 
5 350 0.04 0.01 
5 351 0.01 0.00 
5 352 0.01 0.00 
5 353 0.01 0.03 
5 354 0.05 0.02 
5 355 0.07 0.02 
5 356 0.04 0.01 
5 357 0.04 0.01 
5 358 0.04 0.02 
5 359 0.02 0.01 
5 360 0.05 0.03 
105 
 
Grid Trap location Opossum Raccoon 
5 361 0.06 0.02 
5 362 0.01 0.01 
5 363 0.05 0.02 
5 364 0.05 0.05 
5 365 0.05 0.01 
5 366 0.04 0.06 
5 367 0.00 0.00 
5 368 0.05 0.01 
5 369 0.04 0.03 
5 370 0.02 0.01 
5 371 0.01 0.01 
5 372 0.01 0.00 
5 373 0.05 0.02 
5 374 0.08 0.00 
5 375 0.09 0.02 

































Appendix 10:  Differential capture success of the Virginia opossum at Ames Plantation, 
Fayette and Hardeman counties, Tennessee, years 2000-2005 combined.  Location of grids at the 
study site are given in Appendix 1.  Level of capture success indicated by shade at each trap site:  




















































Appendix 11:  Differential capture success of the raccoon at Ames Plantation, Fayette 
and Hardeman counties, Tennessee, years 2000-2005 combined.  Location of grids at the study 
site are given in Appendix 1.  Level of capture success indicated by shade at each trap site:  dark 
















































Appendix 12:  Differential capture success at Ames Plantation, Fayette and Hardeman 
counties, Tennessee, for Virginia opossums and raccoons by grid and trap site per year for 
















































































































1 1 0.00 0.00 0.01 0.05 0.05 0.01 0.02 0.01 0.02 0.02 N/A N/A 
1 2 0.00 0.04 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.02 N/A N/A 
1 3 0.00 0.00 0.00 0.05 0.00 0.01 0.00 0.01 0.00 0.00 N/A N/A 
1 4 0.00 0.00 0.00 0.04 0.01 0.01 0.00 0.01 0.00 0.00 N/A N/A 
1 5 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.03 0.00 0.00 N/A N/A 
1 6 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.02 N/A N/A 
1 7 0.04 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.02 N/A N/A 
1 8 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.02 0.00 N/A N/A 
1 9 0.00 0.04 0.00 0.04 0.01 0.03 0.02 0.02 0.03 0.02 N/A N/A 
1 10 0.00 0.04 0.02 0.00 0.00 0.01 0.01 0.01 0.02 0.00 N/A N/A 
1 11 0.00 0.00 0.00 0.03 0.01 0.00 0.01 0.02 0.02 0.00 N/A N/A 
1 12 0.00 0.04 0.00 0.06 0.01 0.01 0.02 0.01 0.00 0.05 N/A N/A 
1 13 0.00 0.04 0.00 0.03 0.00 0.00 0.00 0.02 0.00 0.00 N/A N/A 
1 14 0.04 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.02 0.02 N/A N/A 
1 15 0.04 0.04 0.00 0.01 0.00 0.02 0.01 0.01 0.03 0.00 N/A N/A 
1 16 0.00 0.00 0.00 0.02 0.00 0.03 0.02 0.02 0.05 0.03 N/A N/A 
1 17 0.00 0.00 0.02 0.01 0.00 0.01 0.01 0.02 0.02 0.02 N/A N/A 
1 18 0.00 0.04 0.04 0.01 0.00 0.00 0.00 0.01 0.00 0.00 N/A N/A 
1 19 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
1 20 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.02 0.02 0.02 N/A N/A 
1 21 0.00 0.04 0.00 0.01 0.02 0.00 0.01 0.00 0.00 0.00 N/A N/A 
1 22 0.00 0.04 0.00 0.00 0.00 0.00 0.04 0.00 0.05 0.00 N/A N/A 
1 23 0.04 0.04 0.00 0.03 0.00 0.00 0.00 0.00 0.02 0.02 N/A N/A 
1 24 0.00 0.00 0.00 0.02 0.01 0.01 0.00 0.03 0.00 0.05 N/A N/A 
1 25 0.00 0.00 0.01 0.03 0.01 0.01 0.04 0.00 0.02 0.00 N/A N/A 
1 26 0.00 0.04 0.03 0.02 0.00 0.01 0.00 0.00 0.00 0.00 N/A N/A 
1 27 0.04 0.00 0.00 0.01 0.00 0.01 0.01 0.02 0.00 0.00 N/A N/A 
1 28 0.00 0.04 0.00 0.01 0.01 0.00 0.02 0.00 0.02 0.00 N/A N/A 
1 29 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 N/A N/A 
1 30 0.00 0.04 0.00 0.02 0.00 0.00 0.03 0.01 0.02 0.00 N/A N/A 
1 31 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.03 0.00 0.03 N/A N/A 
1 32 0.00 0.00 0.00 0.03 0.00 0.02 0.02 0.04 0.00 0.03 N/A N/A 
1 33 0.04 0.00 0.00 0.01 0.00 0.02 0.01 0.01 0.00 0.02 N/A N/A 
116 
 





























































































1 34 0.04 0.00 0.01 0.00 0.02 0.02 0.03 0.01 0.00 0.02 N/A N/A 
1 35 0.00 0.00 0.02 0.03 0.01 0.01 0.03 0.01 0.02 0.00 N/A N/A 
1 36 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.01 0.02 0.00 N/A N/A 
1 37 0.00 0.04 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
1 38 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 N/A N/A 
1 39 0.00 0.04 0.00 0.01 0.01 0.00 0.01 0.01 0.03 0.02 N/A N/A 
1 40 0.00 0.00 0.00 0.06 0.00 0.00 0.02 0.03 0.00 0.02 N/A N/A 
1 41 0.00 0.00 0.01 0.01 0.02 0.02 0.02 0.01 0.03 0.00 N/A N/A 
1 42 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.03 0.00 N/A N/A 
1 43 0.00 0.00 0.00 0.03 0.02 0.02 0.02 0.01 0.02 0.00 N/A N/A 
1 44 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.02 0.00 N/A N/A 
1 45 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.02 0.03 N/A N/A 
1 46 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.02 0.02 N/A N/A 
1 47 0.00 0.04 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
1 48 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.02 0.00 0.00 N/A N/A 
1 49 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.02 0.02 0.03 N/A N/A 
1 50 0.00 0.00 0.01 0.02 0.06 0.00 0.06 0.02 0.05 0.00 N/A N/A 
1 51 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.02 0.02 0.02 N/A N/A 
1 52 0.00 0.00 0.01 0.02 0.00 0.00 0.01 0.01 0.00 0.00 N/A N/A 
1 53 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.02 0.02 N/A N/A 
1 54 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.03 0.00 N/A N/A 
1 55 0.04 0.04 0.01 0.01 0.01 0.00 0.00 0.02 0.00 0.00 N/A N/A 
1 56 0.00 0.00 0.00 0.01 0.03 0.00 0.01 0.02 0.00 0.02 N/A N/A 
1 57 0.04 0.04 0.00 0.02 0.05 0.00 0.06 0.04 0.03 0.02 N/A N/A 
1 58 0.04 0.00 0.02 0.02 0.08 0.00 0.09 0.02 0.02 0.03 N/A N/A 
1 59 0.04 0.00 0.01 0.03 0.05 0.00 0.03 0.00 0.00 0.00 N/A N/A 
1 60 0.00 0.00 0.01 0.02 0.01 0.01 0.02 0.00 0.00 0.00 N/A N/A 
1 61 0.00 0.00 0.03 0.00 0.02 0.01 0.00 0.01 0.00 0.00 N/A N/A 
1 62 0.00 0.00 0.00 0.00 0.01 0.00 0.04 0.01 0.02 0.05 N/A N/A 
1 63 0.00 0.00 0.00 0.03 0.00 0.00 0.01 0.01 0.00 0.00 N/A N/A 
1 64 0.09 0.00 0.04 0.00 0.02 0.00 0.02 0.00 0.03 0.02 N/A N/A 
2 65 N/A N/A 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 
2 66 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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2 67 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 
2 68 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.00 
2 69 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 70 N/A N/A 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.03 0.00 
2 71 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 72 N/A N/A 0.00 0.06 0.00 0.00 0.03 0.06 0.00 0.00 0.03 0.00 
2 73 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
2 74 N/A N/A 0.00 0.03 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.03 
2 75 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.00 
2 76 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.00 
2 77 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 78 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 79 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
2 80 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 81 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 
2 82 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 
2 83 N/A N/A 0.00 0.03 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 
2 84 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.03 
2 85 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 
2 86 N/A N/A 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.03 0.00 
2 87 N/A N/A 0.00 0.03 0.00 0.00 0.03 0.00 0.00 0.00 0.03 0.00 
2 88 N/A N/A 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
2 89 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 
2 90 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.03 0.03 
2 91 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 92 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.00 
2 93 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 94 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 95 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.00 0.00 
2 96 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
2 97 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.00 
2 98 N/A N/A 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.03 0.00 0.03 
2 99 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.03 
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2 100 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 
2 101 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 
2 102 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 103 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
2 104 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 105 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 106 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 107 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 108 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 
2 109 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 
2 110 N/A N/A 0.00 0.03 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.03 
2 111 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 112 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 113 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 114 N/A N/A 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
2 115 N/A N/A 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.03 0.03 
2 116 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 
2 117 N/A N/A 0.00 0.00 0.00 0.00 0.03 0.06 0.09 0.00 0.00 0.00 
2 118 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
2 119 N/A N/A 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.06 0.00 
2 120 N/A N/A 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 
2 121 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 122 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 123 N/A N/A 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 
2 124 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 125 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 
2 126 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 
2 127 N/A N/A 0.06 0.00 0.00 0.00 0.06 0.00 0.03 0.00 0.03 0.03 
2 128 N/A N/A 0.00 0.03 0.00 0.00 0.03 0.06 0.00 0.00 0.00 0.00 
3 A1 N/A N/A 0.00 0.03 0.00 0.05 0.00 0.03 0.00 0.00 0.00 0.00 
3 A2 N/A N/A 0.00 0.04 0.00 0.03 0.00 0.05 0.00 0.00 0.00 0.00 
3 A3 N/A N/A 0.00 0.08 0.00 0.08 0.02 0.08 0.03 0.00 0.00 0.00 
3 A4 N/A N/A 0.00 0.03 0.00 0.08 0.02 0.05 0.00 0.00 0.00 0.00 
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3 A5 N/A N/A 0.03 0.03 0.02 0.03 0.03 0.00 0.00 0.00 0.00 0.00 
3 A6 N/A N/A 0.01 0.00 0.00 0.02 0.03 0.02 0.03 0.00 0.03 0.00 
3 A7 N/A N/A 0.03 0.03 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 
3 A8 N/A N/A 0.04 0.03 0.00 0.02 0.06 0.03 0.00 0.00 0.00 0.03 
3 B1 N/A N/A 0.00 0.01 0.00 0.00 0.05 0.00 0.00 0.03 0.03 0.00 
3 B2 N/A N/A 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 B3 N/A N/A 0.00 0.00 0.00 0.16 0.00 0.02 0.00 0.00 0.00 0.00 
3 B4 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
3 B5 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 B6 N/A N/A 0.05 0.03 0.00 0.00 0.02 0.00 0.00 0.00 0.03 0.00 
3 B7 N/A N/A 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 B8 N/A N/A 0.01 0.06 0.00 0.05 0.03 0.00 0.00 0.00 0.00 0.00 
3 C1 N/A N/A 0.01 0.01 0.00 0.02 0.03 0.00 0.00 0.00 0.00 0.00 
3 C2 N/A N/A 0.00 0.01 0.00 0.03 0.00 0.02 0.00 0.00 0.00 0.00 
3 C3 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 C4 N/A N/A 0.00 0.00 0.00 0.06 0.03 0.00 0.00 0.00 0.00 0.00 
3 C5 N/A N/A 0.03 0.03 0.00 0.00 0.02 0.00 0.03 0.00 0.00 0.00 
3 C6 N/A N/A 0.00 0.00 0.00 0.00 0.02 0.00 0.06 0.00 0.00 0.00 
3 C7 N/A N/A 0.00 0.05 0.00 0.00 0.02 0.03 0.00 0.00 0.00 0.00 
3 C8 N/A N/A 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.00 
3 D1 N/A N/A 0.00 0.03 0.00 0.00 0.06 0.00 0.00 0.00 0.03 0.03 
3 D2 N/A N/A 0.01 0.00 0.00 0.03 0.06 0.00 0.00 0.00 0.00 0.00 
3 D3 N/A N/A 0.00 0.00 0.00 0.02 0.02 0.02 0.00 0.00 0.00 0.00 
3 D4 N/A N/A 0.00 0.04 0.00 0.02 0.02 0.05 0.00 0.00 0.00 0.00 
3 D5 N/A N/A 0.00 0.03 0.00 0.00 0.03 0.00 0.00 0.00 0.03 0.00 
3 D6 N/A N/A 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
3 D7 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 D8 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 E1 N/A N/A 0.01 0.03 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
3 E2 N/A N/A 0.00 0.01 0.00 0.00 0.03 0.00 0.00 0.00 0.03 0.00 
3 E3 N/A N/A 0.00 0.03 0.00 0.00 0.11 0.00 0.00 0.00 0.03 0.00 
3 E4 N/A N/A 0.00 0.01 0.00 0.02 0.06 0.00 0.00 0.00 0.00 0.00 
3 E5 N/A N/A 0.00 0.01 0.00 0.02 0.00 0.05 0.00 0.00 0.00 0.00 
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3 E6 N/A N/A 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 E7 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 E8 N/A N/A 0.00 0.04 0.00 0.00 0.02 0.00 0.00 0.00 0.03 0.00 
3 F1 N/A N/A 0.00 0.00 0.02 0.00 0.03 0.02 0.00 0.00 0.00 0.00 
3 F2 N/A N/A 0.00 0.03 0.02 0.00 0.05 0.00 0.00 0.00 0.03 0.00 
3 F3 N/A N/A 0.03 0.03 0.02 0.02 0.06 0.00 0.00 0.00 0.00 0.00 
3 F4 N/A N/A 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 
3 F5 N/A N/A 0.00 0.00 0.00 0.05 0.03 0.00 0.00 0.00 0.03 0.00 
3 F6 N/A N/A 0.00 0.01 0.02 0.02 0.03 0.00 0.00 0.00 0.00 0.00 
3 F7 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 F8 N/A N/A 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
3 G1 N/A N/A 0.00 0.00 0.00 0.02 0.05 0.02 0.03 0.00 0.00 0.03 
3 G2 N/A N/A 0.00 0.03 0.02 0.02 0.05 0.02 0.00 0.00 0.00 0.03 
3 G3 N/A N/A 0.01 0.00 0.02 0.00 0.06 0.02 0.00 0.00 0.00 0.00 
3 G4 N/A N/A 0.00 0.03 0.03 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
3 G5 N/A N/A 0.00 0.01 0.00 0.02 0.03 0.00 0.00 0.00 0.00 0.00 
3 G6 N/A N/A 0.00 0.01 0.00 0.00 0.03 0.00 0.00 0.00 0.06 0.00 
3 G7 N/A N/A 0.00 0.03 0.00 0.00 0.03 0.02 0.00 0.00 0.00 0.00 
3 G8 N/A N/A 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
3 H1 N/A N/A 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 H2 N/A N/A 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 H3 N/A N/A 0.00 0.00 0.06 0.00 0.03 0.02 0.00 0.00 0.06 0.03 
3 H4 N/A N/A 0.00 0.03 0.00 0.00 0.11 0.00 0.00 0.00 0.03 0.03 
3 H5 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 H6 N/A N/A 0.01 0.03 0.03 0.02 0.08 0.02 0.00 0.00 0.03 0.00 
3 H7 N/A N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 
3 H8 N/A N/A 0.01 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.03 0.00 
4 249 0.00 0.00 0.09 0.00 0.04 0.00 0.09 0.00 0.03 0.00 N/A N/A 
4 250 0.00 0.00 0.05 0.00 0.04 0.00 0.02 0.00 0.03 0.00 N/A N/A 
4 251 0.00 0.00 0.00 0.00 0.04 0.04 0.02 0.00 0.03 0.00 N/A N/A 
4 252 0.00 0.04 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 N/A N/A 
4 253 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 N/A N/A 
4 254 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
121 
 





























































































4 255 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.02 0.00 0.00 N/A N/A 
4 256 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 257 0.00 0.04 0.00 0.00 0.04 0.00 0.02 0.00 0.00 0.00 N/A N/A 
4 258 0.00 0.00 0.05 0.00 0.04 0.04 0.02 0.00 0.00 0.00 N/A N/A 
4 259 0.00 0.00 0.07 0.00 0.08 0.00 0.00 0.00 0.00 0.03 N/A N/A 
4 260 0.00 0.00 0.00 0.02 0.00 0.08 0.00 0.00 0.00 0.00 N/A N/A 
4 261 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 262 0.00 0.04 0.00 0.02 0.04 0.00 0.02 0.05 0.03 0.00 N/A N/A 
4 263 0.00 0.04 0.00 0.02 0.00 0.00 0.05 0.00 0.00 0.00 N/A N/A 
4 264 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 265 0.00 0.00 0.02 0.02 0.04 0.00 0.02 0.02 0.00 0.00 N/A N/A 
4 266 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 N/A N/A 
4 267 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 268 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 269 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 N/A N/A 
4 270 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.02 0.00 0.00 N/A N/A 
4 271 0.00 0.04 0.00 0.00 0.04 0.00 0.02 0.00 0.00 0.00 N/A N/A 
4 272 0.04 0.00 0.00 0.02 0.00 0.04 0.02 0.00 0.03 0.00 N/A N/A 
4 273 0.00 0.04 0.00 0.00 0.04 0.04 0.02 0.02 0.03 0.00 N/A N/A 
4 274 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.06 0.00 N/A N/A 
4 275 0.00 0.04 0.00 0.00 0.04 0.04 0.00 0.00 0.00 0.00 N/A N/A 
4 276 0.00 0.09 0.00 0.02 0.00 0.04 0.00 0.00 0.03 0.00 N/A N/A 
4 277 0.00 0.04 0.00 0.02 0.08 0.12 0.00 0.05 0.03 0.03 N/A N/A 
4 278 0.04 0.04 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 279 0.00 0.04 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 280 0.09 0.00 0.05 0.07 0.00 0.04 0.09 0.02 0.03 0.00 N/A N/A 
4 281 0.00 0.00 0.05 0.05 0.08 0.00 0.07 0.00 0.06 0.00 N/A N/A 
4 282 0.09 0.00 0.00 0.02 0.00 0.04 0.05 0.00 0.09 0.03 N/A N/A 
4 283 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 284 0.00 0.09 0.00 0.00 0.00 0.00 0.12 0.00 0.06 0.00 N/A N/A 
4 285 0.00 0.04 0.00 0.05 0.00 0.04 0.00 0.00 0.00 0.00 N/A N/A 
4 286 0.00 0.09 0.02 0.02 0.00 0.04 0.05 0.00 0.00 0.00 N/A N/A 
4 287 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.02 0.00 0.00 N/A N/A 
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4 288 0.00 0.04 0.00 0.00 0.08 0.04 0.00 0.02 0.00 0.00 N/A N/A 
4 289 0.00 0.00 0.05 0.05 0.00 0.04 0.05 0.05 0.00 0.06 N/A N/A 
4 290 0.00 0.04 0.00 0.00 0.00 0.00 0.05 0.05 0.00 0.00 N/A N/A 
4 291 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 N/A N/A 
4 292 0.04 0.09 0.00 0.05 0.04 0.00 0.16 0.02 0.09 0.00 N/A N/A 
4 293 0.00 0.09 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 N/A N/A 
4 294 0.04 0.04 0.00 0.00 0.00 0.04 0.02 0.02 0.03 0.00 N/A N/A 
4 295 0.00 0.09 0.00 0.00 0.00 0.04 0.02 0.02 0.00 0.00 N/A N/A 
4 296 0.00 0.00 0.00 0.07 0.00 0.12 0.07 0.00 0.00 0.00 N/A N/A 
4 297 0.00 0.00 0.00 0.02 0.04 0.00 0.00 0.02 0.03 0.06 N/A N/A 
4 298 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 299 0.00 0.00 0.00 0.00 0.04 0.04 0.00 0.00 0.00 0.00 N/A N/A 
4 300 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 301 0.00 0.04 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 302 0.04 0.04 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 303 0.00 0.00 0.00 0.02 0.00 0.00 0.05 0.02 0.00 0.00 N/A N/A 
4 304 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
4 305 0.00 0.00 0.00 0.02 0.04 0.00 0.05 0.02 0.00 0.03 N/A N/A 
4 306 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 N/A N/A 
4 307 0.00 0.04 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.03 N/A N/A 
4 308 0.04 0.04 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.00 N/A N/A 
4 309 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 N/A N/A 
4 310 0.04 0.04 0.05 0.05 0.00 0.08 0.02 0.02 0.03 0.00 N/A N/A 
4 311 0.00 0.04 0.00 0.02 0.00 0.00 0.05 0.00 0.00 0.00 N/A N/A 
4 312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
5 313 0.07 0.00 0.03 0.00 0.14 0.00 0.04 0.02 0.09 0.00 N/A N/A 
5 314 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.03 0.00 N/A N/A 
5 315 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.13 0.00 N/A N/A 
5 316 0.00 0.00 0.03 0.00 0.14 0.00 0.06 0.00 0.03 0.03 N/A N/A 
5 317 0.04 0.00 0.03 0.00 0.14 0.00 0.06 0.00 0.16 0.00 N/A N/A 
5 318 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
5 319 0.07 0.00 0.03 0.00 0.07 0.00 0.06 0.00 0.09 0.00 N/A N/A 
5 320 0.04 0.07 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.03 N/A N/A 
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5 321 0.00 0.00 0.05 0.00 0.07 0.00 0.08 0.02 0.13 0.00 N/A N/A 
5 322 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.16 0.03 N/A N/A 
5 323 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.02 0.00 0.00 N/A N/A 
5 324 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
5 325 0.00 0.00 0.03 0.00 0.07 0.00 0.00 0.00 0.06 0.00 N/A N/A 
5 326 0.00 0.00 0.03 0.00 0.07 0.00 0.00 0.00 0.03 0.00 N/A N/A 
5 327 0.04 0.00 0.00 0.00 0.07 0.00 0.08 0.00 0.03 0.00 N/A N/A 
5 328 0.04 0.00 0.00 0.00 0.07 0.00 0.02 0.00 0.00 0.00 N/A N/A 
5 329 0.07 0.00 0.00 0.00 0.07 0.07 0.08 0.00 0.03 0.00 N/A N/A 
5 330 0.00 0.00 0.00 0.00 0.14 0.00 0.02 0.00 0.00 0.00 N/A N/A 
5 331 0.00 0.00 0.00 0.00 0.07 0.00 0.02 0.00 0.00 0.00 N/A N/A 
5 332 0.04 0.00 0.05 0.00 0.07 0.00 0.08 0.00 0.00 0.00 N/A N/A 
5 333 0.04 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.06 0.00 N/A N/A 
5 334 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.03 0.00 N/A N/A 
5 335 0.11 0.00 0.03 0.00 0.00 0.00 0.04 0.00 0.03 0.00 N/A N/A 
5 336 0.07 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.06 0.03 N/A N/A 
5 337 0.04 0.00 0.03 0.00 0.00 0.00 0.02 0.00 0.06 0.00 N/A N/A 
5 338 0.00 0.00 0.00 0.00 0.07 0.00 0.06 0.00 0.03 0.00 N/A N/A 
5 339 0.00 0.04 0.05 0.00 0.00 0.00 0.06 0.00 0.00 0.00 N/A N/A 
5 340 0.00 0.04 0.05 0.00 0.00 0.00 0.04 0.00 0.03 0.00 N/A N/A 
5 341 0.04 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 N/A N/A 
5 342 0.00 0.00 0.03 0.00 0.00 0.07 0.02 0.02 0.06 0.00 N/A N/A 
5 343 0.00 0.00 0.05 0.03 0.00 0.00 0.02 0.00 0.00 0.00 N/A N/A 
5 344 0.00 0.04 0.00 0.00 0.00 0.00 0.02 0.00 0.03 0.00 N/A N/A 
5 345 0.04 0.00 0.00 0.03 0.07 0.21 0.02 0.00 0.03 0.00 N/A N/A 
5 346 0.00 0.00 0.00 0.00 0.07 0.00 0.13 0.06 0.19 0.00 N/A N/A 
5 347 0.00 0.00 0.03 0.00 0.00 0.00 0.02 0.00 0.06 0.00 N/A N/A 
5 348 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
5 349 0.00 0.07 0.03 0.00 0.00 0.00 0.09 0.00 0.00 0.00 N/A N/A 
5 350 0.00 0.07 0.05 0.00 0.00 0.00 0.04 0.00 0.06 0.00 N/A N/A 
5 351 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 N/A N/A 
5 352 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 N/A N/A 
5 353 0.00 0.00 0.00 0.08 0.14 0.07 0.00 0.02 0.00 0.00 N/A N/A 
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5 354 0.04 0.07 0.03 0.00 0.07 0.07 0.04 0.02 0.13 0.00 N/A N/A 
5 355 0.07 0.00 0.00 0.03 0.07 0.00 0.09 0.04 0.13 0.00 N/A N/A 
5 356 0.00 0.00 0.00 0.00 0.07 0.07 0.02 0.00 0.16 0.00 N/A N/A 
5 357 0.00 0.00 0.03 0.00 0.00 0.00 0.04 0.00 0.13 0.03 N/A N/A 
5 358 0.04 0.11 0.00 0.00 0.07 0.00 0.02 0.02 0.13 0.00 N/A N/A 
5 359 0.00 0.04 0.00 0.00 0.07 0.00 0.04 0.00 0.00 0.00 N/A N/A 
5 360 0.04 0.04 0.03 0.05 0.14 0.00 0.06 0.02 0.06 0.03 N/A N/A 
5 361 0.07 0.04 0.00 0.00 0.07 0.07 0.08 0.00 0.09 0.03 N/A N/A 
5 362 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 N/A N/A 
5 363 0.04 0.00 0.00 0.00 0.14 0.14 0.04 0.04 0.09 0.00 N/A N/A 
5 364 0.07 0.07 0.05 0.08 0.00 0.14 0.04 0.02 0.06 0.00 N/A N/A 
5 365 0.00 0.00 0.11 0.00 0.14 0.00 0.02 0.02 0.03 0.00 N/A N/A 
5 366 0.04 0.07 0.00 0.08 0.07 0.07 0.00 0.04 0.13 0.06 N/A N/A 
5 367 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A 
5 368 0.00 0.00 0.00 0.03 0.07 0.00 0.06 0.02 0.16 0.00 N/A N/A 
5 369 0.04 0.07 0.00 0.03 0.07 0.00 0.08 0.02 0.03 0.03 N/A N/A 
5 370 0.00 0.00 0.00 0.00 0.00 0.07 0.02 0.02 0.09 0.00 N/A N/A 
5 371 0.00 0.04 0.00 0.00 0.07 0.07 0.00 0.00 0.00 0.00 N/A N/A 
5 372 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.03 0.00 N/A N/A 
5 373 0.04 0.04 0.03 0.00 0.07 0.07 0.06 0.02 0.06 0.03 N/A N/A 
5 374 0.04 0.00 0.05 0.00 0.21 0.00 0.04 0.00 0.16 0.00 N/A N/A 
5 375 0.07 0.00 0.18 0.03 0.07 0.00 0.02 0.00 0.09 0.06 N/A N/A 























Appendix 13:  Differential capture success of the Virginia opossum at Ames Plantation, 
Fayette and Hardeman counties, Tennessee, years 2000-2005.  Location of grids at the study site 
are given in Appendix 1.  Level of capture success indicated by shade at each trap site:  dark blue 









































































































































Appendix 14:  Differential capture success of the raccoon at Ames Plantation, Fayette 
and Hardeman counties, Tennessee, years 2000-2005.  Location of grids at the study site are 
given in Appendix 1.  Level of capture success indicated by shade at each trap site:  dark blue = 










































































































































Appendix 15:  Pearson’s correlation between capture success of the Virginia opossum 
and habitat variables at Ames Plantation, Fayette and Hardeman counties, Tennessee, 
















Habitat variable Statistic Year 
  2000 2001 2002 2003 2004 2005 All years 
NDVI Pearson’s 
correlation 
-0.110 -0.101 -0.047 -0.125* -0.051 -0.023 -0.186** 
Sig.  (2-tailed) 0.130 0.070 0.405 0.025 0.362 0.795 0.001 
N 192 320 320 320 320 128 320 
Slope Pearson’s 
correlation 
-0.014 -0.003 -0.145** -0.035 -0.078 0.128 -0.068 
Sig.  (2-tailed) 0.848 0.963 0.009 0.529 0.162 0.151 0.223 
N 192 320 320 320 320 128 320 
Elevation Pearson’s 
correlation 
0.114 0.190** 0.363** 0.090 0.333** -0.114 0.330** 
Sig.  (2-tailed) 0.114 0.001 0.000 0.109 0.000 0.199 0.000 
N 192 320 320 320 320 128 320 
Distance to 
nearest open area 
Pearson’s 
correlation 
0.014 -0.014 -0.086 0.031 -0.132* 0.132 -0.054 
Sig.  (2-tailed) 0.846 0.798 0.123 0.585 0.018 0.139 0.336 
N 192 320 320 320 320 128 320 
Distance to 




-0.110 -0.159** -0.205** -0.169** -0.206** -0.052 -0.253** 
Sig.  (2-tailed) 0.130 0.004 0.000 0.002 0.000 0.560 0.000 





-0.037 0.053 0.003 -0.075 0.011 -0.049 -0.020 
Sig.  (2-tailed) 0.611 0.346 0.952 0.181 0.845 0.586 0.722 





0.127 0.104 0.136* 0.132* 0.072 0.065 0.173** 
Sig.  (2-tailed) 0.079 0.063 0.015 0.018 0.201 0.469 0.002 






0.006 -0.095 -0.063 -0.206** -0.125* -0.036 -0.169** 
Sig.  (2-tailed) 0.935 0.090 0.264 0.000 0.026 0.690 0.002 






-0.038 0.053 0.002 -0.077 0.009 -0.048 -0.021 
Sig.  (2-tailed) 0.599 0.341 0.969 0.172 0.870 0.591 0.702 






0.006 -0.095 -0.063 -0.206** -0.125* -0.036 -0.169** 
Sig.  (2-tailed) 0.935 0.090 0.264 0.000 0.026 0.690 0.002 




Habitat variable Statistic Year 






-0.042 -0.118* -0.140* -0.180** -0.045 -0.051 -0.160** 
Sig.  (2-tailed) 0.564 0.034 0.012 0.001 0.427 0.571 0.004 





0.025 0.005 0.143* -0.013 0.213** -0.145 0.109 
Sig.  (2-tailed) 0.735 0.927 0.011 0.810 0.000 0.103 0.051 





-0.039 0.053 0.019 0.146** -0.042 0.138 0.077 
Sig.  (2-tailed) 0.587 0.343 0.729 0.009 0.454 0.121 0.170 






0.077 0.031 0.130* 0.053 0.109 -0.067 0.112* 
Sig.  (2-tailed) 0.289 0.585 0.020 0.346 0.052 0.451 0.046 






-0.041 -0.095 0.050 -0.049 0.082 -0.068 -0.014 
Sig.  (2-tailed) 0.576 0.090 0.370 0.382 0.143 0.448 0.804 





-0.063 -0.050 -0.071 -0.092 -0.089 0.070 -0.105 
Sig.  (2-tailed) 0.383 0.374 0.203 0.102 0.111 0.432 0.062 






0.177* 0.468** 0.169** 0.008 0.108 -0.076 0.226** 
Sig.  (2-tailed) 0.014 0.000 0.002 0.886 0.053 0.395 0.000 





-0.162* -0.109 -0.193** -0.106 -0.101 -0.047 -0.183** 
Sig.  (2-tailed) 0.025 0.051 0.001 0.058 0.072 0.599 0.001 





0.142* -0.042 0.060 0.048 0.096 -0.078 0.085 
Sig.  (2-tailed) 0.050 0.455 0.282 0.396 0.087 0.381 0.130 





-0.014 -0.067 -0.055 -0.001 0.005 -0.150 -0.039 
Sig.  (2-tailed) 0.851 0.230 0.327 0.983 0.931 0.092 0.482 




Habitat variable Statistic Year 





0.091 0.017 0.077 -0.163** -0.007 -0.051 -0.036 
Sig.  (2-tailed) 0.209 0.761 0.167 0.004 0.904 0.569 0.521 





0.093 0.081 0.016 0.178** -0.017 0.066 0.088 
Sig.  (2-tailed) 0.199 0.146 0.780 0.001 0.756 0.461 0.115 
N 192 320 320 320 320 128 320 
 
  * Significant at the 0.05 level (2-tailed).      






























Appendix 16:  Pearson’s correlation between capture success of the raccoon and habitat 
variables at Ames Plantation, Fayette and Hardeman counties, Tennessee, 2000-2005.  NDVI = 


















Habitat variable Statistic Year 
  2000 2001 2002 2003 2004 2005 All years 
NDVI Pearson’s 
correlation 
-0.029 0.000 0.002 -0.063 -0.016 -0.057 -0.158** 
Sig.  (2-
tailed) 
0.687 0.998 0.972 0.263 0.772 0.524 0.005 
N 192 320 320 320 320 128 320 
Slope Pearson’s 
correlation 
0.012 0.032 -0.061 0.023 -0.039 0.021 -0.017 
Sig.  (2-
tailed) 
0.866 0.572 0.277 0.676 0.483 0.817 0.769 
N 192 320 320 320 320 128 320 
Elevation Pearson’s 
correlation 
0.063 -0.162** 0.121* -0.096 0.006 0.023 -0.022 
Sig.  (2-
tailed) 
0.385 0.004 0.031 0.087 0.912 0.793 0.701 
N 192 320 320 320 320 128 320 
Distance to 
nearest open area 
Pearson’s 
correlation 
-0.224** 0.051 -0.113* 0.082 0.167** -0.130 -0.012 
Sig.  (2-
tailed) 
0.002 0.360 0.044 0.143 0.003 0.145 0.828 
N 192 320 320 320 320 128 320 
Distance to 




0.124 -0.081 -0.168** 0.005 0.045 0.213* -0.071 
Sig.  (2-
tailed) 
0.086 0.148 0.003 0.930 0.424 0.016 0.207 





-0.040 -0.116* -0.115* -0.152** -0.011 -0.171 -0.150** 
Sig.  (2-
tailed) 
0.579 0.039 0.039 0.007 0.841 0.054 0.007 





-0.265** 0.037 -0.091 0.024 0.090 0.036 -0.032 
Sig.  (2-
tailed) 
0.000 0.506 0.104 0.665 0.109 0.683 0.563 






-0.015 -0.170** -0.040 -0.207** -0.123* -0.087 -0.204** 
Sig.  (2-
tailed) 
0.836 0.002 0.480 0.000 0.028 0.330 0.000 




Habitat variable Statistic Year 






-0.038 -0.115* -0.116* -0.153** -0.013 -0.172 -0.151** 
Sig.  (2-
tailed) 
0.597 0.040 0.039 0.006 0.822 0.052 0.007 






-0.015 -0.170** -0.040 -0.207** -0.123* -0.087 -0.204** 
Sig.  (2-
tailed) 
0.836 0.002 0.480 0.000 0.028 0.330 0.000 






-0.039 -0.089 -0.095 0.047 0.085 -0.080 -0.056 
Sig.  (2-
tailed) 
0.589 0.113 0.090 0.404 0.128 0.372 0.314 





0.064 -0.070 0.117* -0.119* -0.077 -0.108 -0.015 
Sig.  (2-
tailed) 
0.375 0.211 0.036 0.034 0.172 0.226 0.785 





-0.133 0.070 -0.077 0.044 0.077 0.011 0.008 
Sig.  (2-
tailed) 
0.065 0.214 0.167 0.435 0.167 0.900 0.880 






-0.014 0.028 -0.049 -0.016 0.029 -0.049 -0.005 
Sig.  (2-
tailed) 
0.850 0.613 0.382 0.775 0.600 0.581 0.932 






0.068 -0.060 0.108 -0.055 -0.061 -0.129 -0.015 
Sig.  (2-
tailed) 
0.351 0.284 0.053 0.325 0.276 0.147 0.786 





0.022 -0.058 -0.075 -0.028 -0.025 0.188* -0.060 
Sig.  (2-
tailed) 
0.763 0.305 0.182 0.620 0.659 0.034 0.286 




Habitat variable Statistic Year 






-0.023 0.088 -0.008 0.011 0.231** -0.056 0.099 
Sig.  (2-
tailed) 
0.753 0.117 0.882 0.842 0.000 0.533 0.077 





-0.038 0.016 -0.060 0.103 0.093 0.116 0.033 
Sig.  (2-
tailed) 
0.598 0.770 0.285 0.067 0.096 0.193 0.553 





0.064 0.000 .127* 0.027 0.063 -0.057 0.089 
Sig.  (2-
tailed) 
0.376 0.994 0.023 0.631 0.264 0.521 0.113 





0.096 -0.002 -0.009 -0.061 -0.081 -0.102 -0.023 
Sig.  (2-
tailed) 
0.183 0.969 0.877 0.274 0.146 0.251 0.680 





0.002 -0.021 0.101 -0.088 -0.100 -0.079 -0.050 
Sig.  (2-
tailed) 
0.977 0.704 0.070 0.115 0.073 0.372 0.370 





0.101 0.064 0.031 0.086 -0.016 0.079 0.094 
Sig.  (2-
tailed) 
0.162 0.253 0.575 0.126 0.777 0.378 0.092 
N 192 320 320 320 320 128 320 
 
  * Significant at the 0.05 level (2-tailed).      



















Appendix 17:  Differential capture success at Edward J. Meeman Biological Station, 
Shelby County, Tennessee, for Virginia opossums and raccoons by grid and trap site for 


















Trap location Opossum Raccoon 
A1 0.07 0.06 
A2 0.06 0.04 
A3 0.05 0.04 
A4 0.01 0.00 
A5 0.04 0.01 
A6 0.04 0.02 
A7 0.08 0.02 
A8 0.07 0.04 
A9 0.01 0.01 
A10 0.04 0.04 
B1 0.03 0.03 
B2 0.02 0.04 
B3 0.04 0.02 
B4 0.05 0.02 
B5 0.04 0.01 
B6 0.00 0.00 
B7 0.04 0.01 
B8 0.06 0.00 
B9 0.01 0.00 
B10 0.03 0.05 
C1 0.03 0.03 
C2 0.02 0.05 
C3 0.02 0.03 
C4 0.04 0.01 
C5 0.05 0.02 
C6 0.04 0.02 
C7 0.03 0.01 
C8 0.00 0.00 
C9 0.08 0.01 
C10 0.03 0.02 
D1 0.02 0.03 
D2 0.02 0.03 
D3 0.05 0.03 
D4 0.03 0.02 
D5 0.04 0.02 
D6 0.06 0.01 
D7 0.05 0.02 
D8 0.05 0.03 
D9 0.02 0.02 
D10 0.02 0.05 
167 
 
Trap location Opossum Raccoon 
E1 0.03 0.03 
E2 0.02 0.04 
E3 0.05 0.02 
E4 0.06 0.02 
E5 0.03 0.00 
E6 0.05 0.02 
E7 0.05 0.03 
E8 0.02 0.04 
E9 0.03 0.04 








































Appendix 18:  Differential capture success of the Virginia opossum and raccoon at 
Edward J. Meeman Biological Station, Shelby County, Tennessee, years 2000-2005 combined.  




























Appendix 19:  Differential capture success at Edward J. Meeman Biological Station, 
Shelby County, Tennessee, for Virginia opossums and raccoons by grid and trap site per year for 







































































































A1 0.08 0.11 0.03 0.07 0.09 0.05 0.09 0.06 0.03 0.00 0.08 0.05 
A2 0.00 0.00 0.04 0.04 0.07 0.06 0.05 0.06 0.00 0.03 0.00 0.00 
A3 0.04 0.04 0.06 0.01 0.10 0.05 0.09 0.06 0.03 0.03 0.03 0.03 
A4 0.02 0.00 0.07 0.01 0.06 0.05 0.06 0.07 0.03 0.08 0.08 0.00 
A5 0.00 0.00 0.00 0.00 0.03 0.00 0.01 0.00 0.00 0.00 0.03 0.00 
A6 0.02 0.00 0.08 0.02 0.05 0.01 0.05 0.01 0.00 0.00 0.00 0.00 
A7 0.00 0.02 0.09 0.00 0.05 0.02 0.02 0.01 0.08 0.08 0.00 0.00 
A8 0.00 0.02 0.12 0.02 0.13 0.01 0.12 0.01 0.00 0.03 0.00 0.00 
A9 0.04 0.02 0.12 0.04 0.03 0.01 0.09 0.06 0.08 0.03 0.03 0.05 
A10 0.02 0.02 0.00 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.03 
B1 0.06 0.00 0.01 0.03 0.02 0.01 0.02 0.04 0.08 0.05 0.03 0.03 
B2 0.02 0.02 0.02 0.06 0.02 0.03 0.05 0.06 0.03 0.08 0.00 0.05 
B3 0.02 0.02 0.01 0.06 0.01 0.02 0.02 0.02 0.05 0.05 0.03 0.13 
B4 0.02 0.04 0.03 0.01 0.05 0.01 0.05 0.01 0.05 0.03 0.08 0.03 
B5 0.00 0.02 0.07 0.00 0.06 0.05 0.06 0.02 0.05 0.00 0.08 0.00 
B6 0.00 0.00 0.06 0.00 0.05 0.01 0.04 0.01 0.03 0.00 0.03 0.00 
B7 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
B8 0.00 0.00 0.07 0.00 0.03 0.01 0.04 0.01 0.05 0.00 0.00 0.00 
B9 0.00 0.00 0.08 0.00 0.10 0.00 0.05 0.00 0.05 0.00 0.03 0.00 
B10 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C1 0.08 0.02 0.00 0.06 0.02 0.05 0.05 0.01 0.03 0.00 0.03 0.05 
C2 0.04 0.02 0.04 0.01 0.05 0.02 0.02 0.00 0.00 0.03 0.03 0.05 
C3 0.04 0.00 0.01 0.06 0.02 0.06 0.05 0.05 0.00 0.13 0.00 0.05 
C4 0.00 0.04 0.01 0.02 0.03 0.05 0.02 0.02 0.03 0.03 0.05 0.05 
C5 0.00 0.00 0.06 0.01 0.03 0.01 0.05 0.00 0.05 0.00 0.05 0.03 
C6 0.00 0.00 0.07 0.01 0.03 0.05 0.07 0.02 0.08 0.03 0.05 0.00 
C7 0.00 0.00 0.07 0.01 0.07 0.01 0.01 0.04 0.00 0.03 0.03 0.03 
C8 0.00 0.00 0.07 0.01 0.07 0.01 0.01 0.00 0.00 0.00 0.00 0.05 
C9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 
C10 0.00 0.00 0.08 0.01 0.18 0.02 0.02 0.00 0.13 0.03 0.08 0.00 
D1 0.08 0.06 0.00 0.03 0.01 0.02 0.02 0.04 0.03 0.00 0.03 0.00 
D2 0.02 0.02 0.01 0.02 0.01 0.06 0.05 0.07 0.00 0.08 0.00 0.05 
D3 0.00 0.06 0.01 0.01 0.03 0.00 0.01 0.06 0.03 0.10 0.03 0.00 
D4 0.00 0.02 0.03 0.03 0.09 0.01 0.05 0.06 0.08 0.00 0.05 0.03 
D5 0.00 0.02 0.03 0.03 0.07 0.00 0.01 0.05 0.00 0.00 0.03 0.03 
172 
 
























































































D6 0.00 0.02 0.06 0.03 0.07 0.01 0.04 0.02 0.03 0.03 0.03 0.03 
D7 0.00 0.00 0.08 0.01 0.06 0.01 0.06 0.02 0.05 0.00 0.08 0.03 
D8 0.00 0.00 0.07 0.02 0.09 0.01 0.05 0.02 0.03 0.00 0.00 0.03 
D9 0.00 0.00 0.10 0.04 0.08 0.02 0.00 0.01 0.03 0.03 0.03 0.10 
D10 0.00 0.00 0.03 0.00 0.03 0.01 0.02 0.05 0.00 0.00 0.00 0.03 
E1 0.04 0.04 0.02 0.04 0.03 0.06 0.01 0.02 0.03 0.00 0.03 0.00 
E2 0.02 0.02 0.02 0.03 0.01 0.03 0.05 0.06 0.00 0.00 0.00 0.03 
E3 0.04 0.02 0.01 0.03 0.03 0.07 0.00 0.02 0.00 0.08 0.05 0.03 
E4 0.02 0.00 0.04 0.02 0.08 0.02 0.04 0.05 0.10 0.03 0.05 0.00 
E5 0.00 0.02 0.03 0.07 0.06 0.00 0.04 0.02 0.23 0.00 0.05 0.00 
E6 0.02 0.00 0.02 0.00 0.06 0.00 0.01 0.00 0.03 0.00 0.03 0.00 
E7 0.02 0.00 0.08 0.01 0.11 0.02 0.04 0.05 0.00 0.00 0.00 0.00 
E8 0.00 0.02 0.06 0.04 0.07 0.02 0.06 0.05 0.05 0.00 0.03 0.00 
E9 0.00 0.02 0.06 0.06 0.02 0.05 0.01 0.04 0.00 0.00 0.00 0.10 































Appendix 20:  Differential capture success of the Virginia opossum at Edward J. Meeman 
Biological Station, Shelby County, Tennessee, years 2000-2005.  Level of capture success 
































Appendix 21:  Differential capture success of the raccoon at Edward J. Meeman 
Biological Station, Shelby County, Tennessee, years 2000-2005.  Level of capture success 































Appendix 22:  Pearson’s correlation between capture success of the Virginia opossum 
and habitat variables at Edward J. Meeman Biological Station, Shelby County, Tennessee, 


















Habitat variable Statistic Year 
  2000 2001 2002 2003 2004 2005 All years 
NDVI Pearson’s 
correlation -0.086 0.158 0.123 0.201 -0.027 0.022 0.010 
Sig.  (2-
tailed) 0.551 0.273 0.396 0.162 0.852 0.879 0.948 
N 50 50 50 50 50 50 50 
Slope Pearson’s 
correlation -0.124 -0.032 -0.037 -0.068 0.256 -0.089 0.136 
Sig.  (2-
tailed) 0.392 0.824 0.796 0.638 0.073 0.537 0.347 
N 50 50 50 50 50 50 50 
Elevation Pearson’s 
correlation 0.172 -0.081 -0.275 0.202 0.032 0.198 -0.045 
Sig.  (2-
tailed) 0.232 0.577 0.054 0.159 0.828 0.168 0.756 





correlation 0.330* 0.426** -0.151 -0.054 -0.048 -0.046 -0.148 
Sig.  (2-
tailed) 0.019 0.002 0.296 0.707 0.739 0.751 0.304 
N 50 50 50 50 50 50 50 
Distance to 
nearest open 
source of water 
Pearson’s 
correlation -0.292* -0.356* 0.203 0.222 0.058 0.263 0.174 
Sig.  (2-
tailed) 0.040 0.011 0.157 0.122 0.687 0.065 0.226 




correlation -0.550** -0.198 0.133 -0.175 0.160 0.135 0.028 
Sig.  (2-
tailed) 0.000 0.168 0.356 0.225 0.268 0.351 0.844 




correlation -0.384** -0.227 0.179 -0.089 -0.026 -0.385** -0.029 
Sig.  (2-
tailed) 0.006 0.113 0.213 0.540 0.860 0.006 0.842 





correlation -0.245 -0.082 0.009 -0.148 0.067 -0.087 -0.166 
Sig.  (2-
tailed) 0.086 0.570 0.953 0.305 0.645 0.547 0.248 













correlation -0.539** -0.188 0.127 -0.175 0.164 0.143 0.028 
Sig.  (2-tailed) 0.000 0.191 0.381 0.224 0.256 0.320 0.847 





correlation 0.257 0.107 -0.192 -0.071 -0.135 -0.258 -0.235 
Sig.  (2-tailed) 0.072 0.461 0.181 0.625 0.351 0.071 0.101 




correlation 0.144 -0.075 0.216 0.275 -0.039 -0.022 0.150 
Sig.  (2-tailed) 0.317 0.604 0.132 0.054 0.788 0.880 0.300 





correlation 0.017 0.027 0.204 0.236 0.204 0.187 0.194 
Sig.  (2-tailed) 0.906 0.850 0.155 0.099 0.156 0.194 0.177 





correlation 0.075 0.094 -0.183 0.039 -0.117 -0.146 -0.143 
Sig.  (2-tailed) 0.603 0.516 0.204 0.789 0.420 0.312 0.323 




correlation 0.182 0.038 -0.153 -0.130 -0.146 0.023 0.023 
Sig.  (2-tailed) 0.206 0.794 0.290 0.368 0.310 0.873 0.874 




correlation -0.190 -0.316* -0.111 -0.281* -0.045 -0.089 0.164 
Sig.  (2-tailed) 0.187 0.025 0.445 0.048 0.754 0.538 0.255 




correlation -0.259 -0.018 0.028 -0.110 -0.027 -0.089 -0.238 
Sig.  (2-tailed) 0.069 0.899 0.848 0.448 0.854 0.540 0.096 
N 50 50 50 50 50 50 50 
 
  * Significant at the 0.05 level (2-tailed).      















Appendix 23:  Pearson’s correlation between capture success of the raccoon and habitat 
variables at Edward J. Meeman Biological Station, Shelby County, Tennessee, 2000-2005.  




















  2000 2001 2002 2003 2004 2005 All years 
NDVI Pearson’s 
correlation -0.322* 0.158 -0.217 0.180 -0.054 -0.194 -0.140 
Sig.  (2-
tailed) 0.023 0.273 0.130 0.210 0.711 0.178 0.331 
N 50 50 50 50 50 50 50 
Slope Pearson’s 
correlation 0.009 -0.032 -0.202 -0.027 -0.057 -0.070 0.052 
Sig.  (2-
tailed) 0.952 0.824 0.159 0.855 0.693 0.630 0.722 
N 50 50 50 50 50 50 50 
Elevation Pearson’s 
correlation 0.268 -0.081 0.213 0.045 0.005 -0.224 -0.140 
Sig.  (2-
tailed) 0.060 0.577 0.137 0.755 0.971 0.118 0.333 





correlation 0.228 0.426** 0.258 0.450** 0.228 0.199 0.388** 
Sig.  (2-
tailed) 0.112 0.002 0.071 0.001 0.112 0.166 0.005 







correlation -0.169 -0.356* -0.165 -0.194 -0.114 -0.131 -0.425** 
Sig.  (2-
tailed) 0.242 0.011 0.253 0.178 0.432 0.364 0.002 





correlation -0.342* -0.198 -0.226 -0.093 -0.165 -0.130 -0.353* 
Sig.  (2-
tailed) 0.015 0.168 0.114 0.520 0.252 0.367 0.012 





correlation -0.354* -0.227 -0.525** -0.371** -0.120 -0.007 -0.168 
Sig.  (2-
tailed) 0.012 0.113 0.000 0.008 0.407 0.963 0.242 






correlation -0.167 -0.082 -0.193 -0.184 -0.160 -0.057 -0.278 
Sig.  (2-
tailed) 0.246 0.570 0.180 0.201 0.266 0.693 0.051 













correlation -0.332* -0.188 -0.215 -0.082 -0.160 -0.129 -0.349* 
Sig.  (2-tailed) 0.019 0.191 0.134 0.572 0.268 0.374 0.013 





correlation -0.088 0.107 -0.004 -0.145 0.037 0.156 0.110 
Sig.  (2-tailed) 0.546 0.461 0.976 0.313 0.799 0.280 0.446 




correlation 0.149 -0.075 0.204 0.223 0.007 -0.010 0.130 
Sig.  (2-tailed) 0.301 0.604 0.155 0.120 0.960 0.944 0.367 





correlation 0.042 0.027 -0.026 -0.023 -0.091 0.157 -0.144 
Sig.  (2-tailed) 0.772 0.850 0.856 0.873 0.530 0.276 0.317 





correlation 0.073 0.094 0.133 0.193 -0.122 -0.021 0.181 
Sig.  (2-tailed) 0.616 0.516 0.358 0.180 0.399 0.884 0.209 




correlation 0.176 0.038 0.204 0.173 0.267 -0.031 0.136 
Sig.  (2-tailed) 0.221 0.794 0.154 0.229 0.060 0.831 0.345 




correlation -0.190 -0.316* -0.237 -.326* -0.087 -0.227 -0.281* 
Sig.  (2-tailed) 0.186 0.025 0.098 0.021 0.548 0.112 0.048 




correlation -0.163 -0.018 -0.133 -0.040 -0.050 -0.158 0.059 
Sig.  (2-tailed) 0.259 0.899 0.358 0.782 0.728 0.272 0.686 
N 50 50 50 50 50 50 50 
 
  * Significant at the 0.05 level (2-tailed).      















Appendix 24:  Average sensitivity versus specificity and mean area under the curve 
(AUC) values for the Virginia opossum at Ames Plantation, Fayette and Hardeman counties, 




































Appendix 25:  Omission rates for the Virginia opossum at Ames Plantation, Fayette and 





































Appendix 26:  Average sensitivity versus specificity and mean area under the curve 





































Appendix 27:  Omission rates for the raccoon at Ames Plantation, Fayette and Hardeman 




































Appendix 28:  Ecological niche for the Virginia opossum at Ames Plantation, Fayette and 
Hardeman counties, Tennessee, in years 2000-2005.  Probability of occurrence is indicated by 

































Appendix 29:  Ecological niche for the raccoon at Ames Plantation, Fayette and 
Hardeman counties, Tennessee, in years 2000-2005.  Probability of occurrence is indicated by 

































Appendix 30:  Ecological niche for species co-occurrence at Ames Plantation, Fayette 
and Hardeman counties, Tennessee, in years 2000-2005.  Probability of co-occurrence is 

































Appendix 31:  Multiplication of species’ ecological niches for the Virginia opossum and 
raccoon at Ames Plantation, Fayette and Hardeman counties, Tennessee, in years 2000-2005.  

































Appendix 32:  Average sensitivity versus specificity and mean area under the curve 
(AUC) values for the Virginia opossum at Edward J. Meeman Biological Station, Shelby 





































Appendix 33:  Omission rates for the Virginia opossum at Edward J. Meeman Biological 




































Appendix 34:  Average sensitivity versus specificity and mean area under the curve 
(AUC) values for the raccoon at Edward J. Meeman Biological Station, Shelby County, 





































Appendix 35:  Omission rates for the raccoon at Edward J. Meeman Biological Station, 








































Appendix 36:  Ecological niche for the Virginia opossum at Edward J. Meeman 
Biological Station, Shelby County, Tennessee, in years 2000-2005.  Probability of occurrence is 

































Appendix 37:  Ecological niche for the raccoon at Edward J. Meeman Biological Station, 
Shelby County, Tennessee, in years 2000-2005.  Probability of occurrence is indicated by color 

































Appendix 38:  Ecological niche for species co-occurrence at Edward J. Meeman 
Biological Station, Shelby County, Tennessee, in years 2000-2005.  Probability of co-occurrence 


































Appendix 39:  Multiplication of species’ ecological niches for the Virginia opossum and 
raccoon at Edward J. Meeman Biological Station, Shelby County, Tennessee, in years 
2000-2005.  Probability of co-occurrence is indicated by color from red (the highest) to white, 
then to blue (the lowest). 
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